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Ifee  prosecution  of  a  research  and  development  program  involving  the 
direct  application  of  rocket  power  tc  man,  thus  permitting  him  a  limited 
range  of  flight,  requires  the  dedicated  efforts  of  many  specialists.  Through 
the  generous  contribution  of  knowledge,  advice,  and  time  of  such  men,  the 
ftftf.n  Phase  I  program  has  been  remarkably  successful 
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The  USATRECOM  has  assigned  Mr.  Robert  Graham  as  Project  Officer; 
his  understanding  help  and  advice  have  been  of  great  value.  Mr.  Wendell 
Moore  serves  as  Technical  Director  for  Bell  Aerosystems  Company.  Ac¬ 
knowledgement  is  made  of  the  excellent  analyses  by  k 

and  J.  Kroll  of  Stability  and  Control,  Mr.  8.  Caamecki  of  Reliability  wpects, 
Mr.  M.  Prexhage  for  the  excellent  gas  generator  design,  and  Mr.  «.  Gance  aa 
for  his  overaU  system  design  efforts  which  have  been  a  large  factor  in  pro* 
duclng  results  on  schedule. 

Phase  1  of  the  8RLD  program  was  initiated  on  ,.10  August,  1960,  and 
was  completed  on  schedule  rs  December,  I960. 
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SUMMARY 


In  answer  to  a  generalized  requirement  for  increased  mobility  of  the 
foot  solider,  an  approach  has  been  conceived  wherein  small  rocket  units 
are  attached  directly  to  an  individual  to  provide  him  a  short  flight  capability. 
An  analytical  study  of  the  feasibility  of  such  a  system  hao  revealed  that  such 
a  device  can  be  built  with  characteristics  of  reliability,  stability,  and  con¬ 
trollability,  and  one  which  would  be  safe  for  operation  by  relatively  inex¬ 
perienced  personnel. 

To  substantiate  the  theoretical  investigations  and  captive  flight  tests 
utilizing  nitrogen  gas,  it  was  deemed  necessary  to  build  a  manned  free- 
flight  feasibility  model  of  such  a  device  and  flight  test  it.  Toward  this  end, 
Bell  Aerosystems  Company  was  awarded  Contract  No.  DA-44-177-TC-642 
to  perform  this  task  under  the  direction  of  the  U.S.  Army  Transportation 
Research  Command  (TRECOM),  Fort  Eustis,  Virginia. 

The  Contract  Work  Statement  for  this  task  was  divided  in  two  distinct 
phases.  Phase  I  requires  the  design,  fabrication,  component  testing  and 
assembly  of  the  Small  Rocket  Lift  Device,  followed  by  an  engineering  report 
of  this  work.  Phase  II  requires  static  test  firings  of  the  assembled  unit, 
tethered  and  free-flight  testing  with  a  human  operator  to  determine  the  over¬ 
all  feasibility,  performance,  safety  and  utility  of  such  a  device,  with  adjust¬ 
ments  and  modifications  as  required  to  achieve  satisfactory  operation.  A 
Phase  II  engineering  report  is  to  be  issued  along  with  a  documentary  movie 
of  the  flight  test  program. 

The  general  approach  to  the  design  of  the  SRLD  is  to  mount  a  hydrogen 
peroxide  rocket  propulsion  system  on  a  molded  Fiberglas  corset,  shaped  to 
fit  the  body  of  the  operator.  Underarm  lift  rings  are  attached  to  the  corset 
through  a  central,  laterally-pivoted  joint  at  the  back  of  the  operator's  neck. 
Two  handles  attached  to  the  rings  extend  forward  for  control  purposes. 

Actual  lift  is  provided  by  two  gimballed  rocket  nozzles,  one  mounted  on  each 
side  of  the  operator  outboard  of  the  arms  and  above  the  center  of  gravity. 

The  nozzles  are  fed  by  a  central  gas  generator  controlled  by  a  squeeze 
throttle  at  the  operator's  right  hand. 

Flight  stability  and  control  of  this  feasibility  model  can  be  achieved  by 
any  combination  of  three  methods;  namely, 
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1.  Pure  kinesthetic  control  by  body  motions. 

2.  Roll  damping  only  by  automatic  outward  lateral  gimballing  of 
the  nozzles  when  excited  by  lateral  rotational  accelerations. 

3.  A  control  stick  mounted  on  the  left  forward  arm  which  operates 
the  gimballed  nozzles  for  pitch,  roll,  and  yaw. 

Figure  1  is  a  photo  of  the  actual  SRLD. 

During  this  Phase  I  period,  all  propulsion  system  components  were 
designed,  procured  and  tested  on  schedule.  No  major  difficulties  were  en¬ 
countered.  Nozzle  positions  and  control  deflections  were  determined  during 
a  stability  and  control  analysis  with  the  aid  of  a  "RE AC"  analog  computor. 
Reliability  aspects  of  the  SRLD  were  compiled  and  determined  as  required. 
Human  factors  efforts  during  this  period  consisted  of  determining  operator*  s 
body-mass  data,  flight  control  analysis  and  preparation  of  a  tethered-flight 
test  plan. 

As  a  result  of  the  successful  component  developments  and  system 
tests  it  was  concluded  that  the  system  design  was  both  safe  and  reliable 
enough  to  proceed  with  manned  tethered  and  free-flight  testing  of  the  SRLD. 
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CONCLUSIONS 


The  results  of  component  design  and  testing  as  well  as  cold-flow  system 
testing  as  reported  herein  Indicate  that  the  SRLD  system  as  developed  to  date, 
will  satisfy  the  requirements  of  safety  and  reliability  necessary  for  manned 
flight  tests. 
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RECOMMENDATIONS 


It  is  recommended  that  Phase  n  of  the  program  involving  hot  firing 
of  the  SRLD  system  and  manned  tethered  and  froe-flight  tests  proceed 
immediately,  utilizing  the  system  as  developed  to  date. 
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I.  SYSTEM  DESIGN 


The  fundamental  purpose  of  designing  and  testing  an  SRLD  as  set 
forth  in  the  contractual  Statement  of  Work  is  to  determine  the  feasibility  of 
attaching  a  controlled  rocket  system  to  a  man  for  the  purpose  of  trans¬ 
porting  him  over  relatively  short  distances.  No  particular  effort  was  to  be 
expended  to  optimize  the  system;  therefore,  proven  components  were  used 
wherever  possible.  Toward  this  end,  Bell  Aerosystems  has  designed  and 
constructed  such  a  device  under  the  direction  of  U.S.  Army,  TRECOM. 

Some  of  the  fundamental  problems  facing  the  designer  of  ouch  a  de¬ 
vice  are:  The  rocket  thrust  must  be  manually  throttled  from  zero  to  one 
hundred  per  cent  to  provide  adequate  altitude  control.  The  operator  must 
carry  sufficient  propellant  to  provide  something  in  the  order  of  30  seconds 
of  thrust  time,  and  to  prove  the  feasibility  of  various  maneuvers.  Further, 
controls  must  be  provided  to  direct  the  thrust  of  the  individual  nozzles  as 
required,  to  transport  the  operator  to  his  desired  target. 

Safety  factors  must  be  considered  very  carefully.  ThingB  to  be  con¬ 
sidered  here  are  the  effects  of  high-temperature  exhaust  steam  in  close 
proximity  to  the  operator's  body,  the  range  of  controllability,  and  due  to 
the  short  lift  time  that  is  practical  in  such  a  device,  a  propellant  warning 
system  must  be  incorporated.  Another  consideration  involving  safety  is 
that  of  distributing  the  heavy  load  of  the  SRLD  properly  about  the  operator's 
body. 


After  taking  some  of  the  foregoing  considerations  into  account  it  was 
decided  as  a  result  of  study  at  Bell,  and  elsewhere,  to  design  the  SRLD 
body  harness  in  the  form  of  a  corset.  In  order  to  be  certain  that  this  corset 
actually  fit  the  operator  and  distributed  the  load  properly,  a  plaster  cast 
was  made  of  the  operator's  body,  and  from  this  a  male  model  of  the  plaster 
cast  was  made.  The  male  model  was  built  up  one  inch  larger  than  the 
operator' s  actual  body  shape  to  allow  for  one  inch  thick  padding  to  distribute 
the  load  evenly  around  the  waist  and  buttocks.  After  completion  of  the 
plaster  mold,  the  corset  itself  was  laid  upon  it,  utilizing  Fiberglas  cloth 
impregnated  with  epoxy  resin.  This  was  then  cured  overnight  at  room 
temperature.  The  steps  depicting  the  fabrication  of  this  Fiberglas  corset 
are  shown  in  Figures  2  and  3. 
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Careful  consideration  had  to  be  given  to  the  selection  of  the  padding 
which  lined  this  Fiberglas  corset.  Numerous  materials  were  investigated. 
Among  them  being  Dow  Corning  "Ethafoam",  U.  S.  Rubber  "Ensolite”,  and 
"Rubaterf*  manufactured  by  the  Rubatex  Division  of  Great  American  In¬ 
dustries  Inc.  Ethafoam  is  a  foamed  cellular  Polyethylene  material.  The 
latter  two  are  foamed  polyvinyl  chloride  materials.  All  of  the  materials 
were  evaluated  for  firmness,  Impact  sensitivity,  and  bulk  density.  They 
were  all  immersed  for  at  least  12  hours  in  90  percent  hydrogen  peroxide 
to  determine  what,  if  any,  reaction  took  place.  The  test  data  on  these  ma¬ 
terials  is  presented  in  one  of  the  preliminary  test  reports  in  Appendix  I. 
Dow  "Ethafoam"  was  selected  for  the  padding  of  the  SRLD  corset  for  two 
fundamental  reasons: 

1.  No  chemical  reaction  occured  during  immersion  for  24  hours 
in  90  percent  peroxide. 

2.  The  extremely  low  density  of  two  pounds  per  cubic  foot  made 
it  a  desirable  material  for  this  application. 

Another  fundamental  design  consideration  was  how  to  lift  the  human 
operator.  It  was  decided  to  use  underarm  lift  rings  as  a  result  of  past 
experience  in  experimenting  with  a  nitrogen-powered  rocket  belt. 

These  rings  were  provided  with  control  arms  extending  forward  from 
the  bottoms  with  hand  control  grips  at  each  end.  Underarm  lifting  ad¬ 
mittedly  is  not  the  most  comfortable  method  of  lifting  a  human  being;  how¬ 
ever,  due  to  the  short  flight  time  of  such  a  device,  this  was  a  very  con¬ 
venient  and  compact  method  of  achieving  this  end.  Further,  it  allows 
freedom  of  the  operator's  arms,  shoulders,  torso,  and  legs  for  kinesthetic 
control  purposes.  These  lift  rings  were  also  padded  with  one  inch  thick 
"Ethafoam"  tubing  over  the  one  inch  diameter  rings. 

The  hydrogen  peroxide-powered  propulsion  system  was  then  designed 
as  a  complete  package  in  itself  and  mounted  on  a  lightweight  frame  which  in 
turn  was  bolted  to  the  back  of  the  Fiberglas  corset  at  three  points.  The  gas 
generator  was  attached  to  the  top  of  this  frame  at  about  the  level  of  the 
operator' s  neck  by  means  of  a  radial  pivot  bearing.  The  purpose  of  the 
bearing  is  to  allow  the  operator  to  shake  or  maneuver  his  shoulders 
laterally  for  lateral  stability  and  control  purposes.  A  flexible  line  is  pro¬ 
vided  from  the  propellant  tanks  outlet  to  this  moveable  gas  generator  and 
throttle  valve  assembly.  Two  insulated  outlet  tubes  were  attached  to  the 
bottom  of  the  gas  generator  to  supply  the  two  nozzles  which  were  placed 
on  each  side  of  the  operator,  approximately  15  Inches  outboard  of  the 
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operator^  center  line.  These  nozzles  were  designed  with  Integral  gimbals 
and  high-temperature  seals  in  order  to  permit  thrust  vector  control  during 
flight. 

Three  distinct  methods  of  control  of  the  SRLD  are  provided  for  experi¬ 
mental  purposes ,  namely: 

1.  Pure  kinesthetic  control  by  body  motions. 

2.  Roll  damping  only  by  automatic  outward  gimnalllng  of  the 
noasles,  when  excited  by  lateral  rotational  accelerations. 

3.  A  control  stick  mounted  on  the  left  forward  arm  which 
operates  the  glmballed  nozzles  for  pitch,  roll  and  yaw. 

The  control  stick  is  suspended  in  a  vertical  position  at  the  end  of  the 
left  arm  extension  by  means  of  a  spherical  bearing.  A  mechanism  was 
devised  which  permits  roll,  pitch  and  yaw  control  through  a  single  hand 
grip. .  Control  motions  are  transmitted  to  the  glmballed  nozzles  through 
flexible  push-pull  controls.  The  maximum  stick  deflection  ia  IB  degrees 
from  center.  No  artificial  feel  or  centering  is  provided  at  the  present  time. 

The  center  of  gravity  relationships  to  the  nozzle  positions  were  de¬ 
signed  according  to  the  recommendations  resulting  from  the  stability  and 
control  analysis  described  elsewhere  in  this  report.  Figure  4  is  a  graphical 
illustration  of  this  relationship. 

The  nozzle  maximum  deflection  for  full  stick  deflection  was  designed 
to  be  adjustable  so  that  full  maximum  nozzle  deflections  of  3,  6,  or  9  degrees 
could  be  explored  during  the  flight  test  operations. 

The  automatic  stability  augmentation  device  was  designed  to  actuate 
the  nozzles  about  the  glmbal  when  lateral  rotational  accelerations  are  ex¬ 
perienced  by  the  pilot  during  flight.  A  lateral  acceleration  toward  the  left 
would  automatically  flip  the  left  nozzle  outward  tending  to  stabilize  the 
system.  The  nozzles  are  blocked  at  the  gimbals  from  turning  inward  toward 
the  operator's  body.  Provision  was  made  to  lock  both  the  stick  and  the  nozzles 
in  the  neutral  position  for  the  purpose  of  exploring  pure  kinesthetic  flight 
control. 

The  circular  lift  rings  around  thf  shoulders  are  provided  with  hinged 
sections  at  the  front,  These  are  lifted  upward  and  snapped  into  plaoe  by 


means  of  specially-designed  quick  release  fittings.  A  quick-release  safety 
belt  was  procurred  and  installed  around  the  waist  of  the  Fibreglas  corset, 
in  such  a  manner  that  it  would  tighten  about  the  operator' s  stomach.  It  was 
found  during  testing  of  the  mock-up,  that  it.  was  desirable  to  add  a  "belly 
plate"  from  a  stiff,  1/6  Inch  thick  rubber  material  to  support  the  abdomen 
while  the  operator  was  being  lifted  by  the  SRLD.  Entrance  to  the  SRLD  is 
a  matter  of  backing  into  the  corset,  snapping  the  quick  release  links  into 
position  and  tightening  the  safety  belt.  Several  different  designs  of  throttle 
control  were  considered  during  the  design  phase.  The  one  chosen  for  the 
first  trials  was  a  squeeze-type  hand  throttle  placed  at  the  end  of  the  right 
arm  extension  and  formed  to  fit  around  the  knuckles  of  the  right  hand  with 
the  palm  grip  at  the  aft  side.  Squeezing  this  throttle  control  applies  thrust 
in  a  predetermined  fashion  controlled  by  the  throttle  valve  from  zero  to 
maximum.  Releasing  the  throttle  grip  reduces  the  thruBt.  A  suitable  re¬ 
turn  spring  is  provided  to  return  the  throttle  valve  and  the  grip  to  zero. 

Since  the  maximum  flight  time  of  this  particular  feasibility  model  of 
the  SRLD  is  in  the  order  of  30  seconds,  a  flight  time  or  propellant  remain¬ 
ing  warning  system  had  to  be  provided  to  signify  flight  time  remaining  to 
the  pilot.  Many  types  of  systems  were  considered.  Obviously,  the  best 
and  most  accurate  type  would  be  one  based  upon  actual  measurement  of 
the  propellant  remaining  in  the  tanks.  However,  such  a  system  becomes 
quite  expensive  and  complicated  and  was  determined  unnecessary  during 
this  phase  of  the  program.  The  system  actually  selected  and  used  in  this 
SRLD  is  one  that  is  based  on  theoretical  propellant  consumption.  Both 
auditory  and  visual  signals  are  provided  to  the  pilot  at  10  seconds  before 
propellant  burnout.  The  device  fundamentally  consists  of  a  cammed 
chronometric  DC  timing  motor  connected  to  an  electronic  audio  signal 
generator  and  warning  light  switches.  The  signal  generator  provides  a 
"beep-beep"  type  of  tone  at  one  second  intervals  beginning  ten  seconds 
before  theoretical  burnout.  This  tone  is  provided  to  the  operator  through 
a  head  set  in  the  crash  helmet.  The  cam-actuated  switches  cause  a  red 
light  mounted  on  the  helmet  at  about  the  bridge  of  the  pilot' s  nose  to  flash 
concurrent  with  the  auditory  signal.  During  Initial  hot-firing  tests  of  the 
gas  generator  and  nozzle  assembly,  this  unit  was  tested.  It  was  found 
that  any  variation  provided  in  the  auditory  signal,  both  frequency  and  gain, 
could  not  actually  command  the  operator's  attention.  However,  in  every 
case  the  red  light  at  the  edge  of  the  operator's  peripheral  vision  did  com¬ 
mand  his  attention  to  take  action.  Therefore,  even  though  this  auditory 
device  has  been  retained,  we  have  concluded  that  it  is  of  no  value  in  this 
program,  fundamentally,  because  of  the  high  noise  level  of  the  SRLD  Itself. 


A  photograph  of  this  propellant  warning  device  is  shown  in  Figure  5.  A 
schematic  diagram  of  this  device  is  shown  in  Figure  6. 

Preliminary  noise  Uvel  investigations  were  made  during  the  gas  gen¬ 
erator  test  cell  firings.  During  Run  No.  LD-22  (see  Appendix  IV)  a  meter 
located  where  the  pilot' s  head  would  be  read  131  decibels.  A  noise  level  of 
133.5  decibels  occurred  when  the  meter  was  placed  between  the  nozzle 
exits  on  Run  No.  LD-28. 

Concern  was  evidenced  by  many  people  over  the  possibility  of  the 
pilot  being  burned  about  the  legs  and  feet  from  the  high-temperature  steam 
of  the  rocket  exhaust  during  operation.  It  was  considered  that  the  worst 
condition  which  could  occur  would  be  the  heat  generated  during  a  full  dura¬ 
tion  equivalent  tiedown  run.  During  the  reliability  testing  program  of  the 
gas  generator  and  nozzle  assembly,  thermocouples  were  placed  beneath  one 
of  the  nozzles  at  a  distance  equivalent  to  the  ground  level  with  the  operator 
standing.  One  thermocouple  was  placed  directly  on  the  center  vertical  line 
of  the  nozzle,  the  second  and  third  were  placed  18  inches  Inboard  and  out¬ 
board  of  this  center.  The  maximum  temperature  encounted  during  this  test 
was  400  °F.  As  a  result  of  these  tests  it  was  determined  that  no  particular 
harm  would  come  to  the  operator  provided  he  at  least  had  a  pair  of  heavy 
trousers  and  boots  on.  A  schematic  of  this  test  set-up  along  with  a  small 
table  Indicating  the  maximum  temperatures  achieved  is  shown  in  Figure  7. 

In  addition  to  the  squeeze  type  throttle  control  it  has  been  decided  to  test 
a  motorcycle  type  of  throttle  control.  A  Harley-Davidson  motorcycle  con¬ 
trol  grip  was  therefore  purchased  and  is  being  modified  to  actuate  the 
push-pull  control  of  the  SRLD  throttle.  During  the  flight  test  program 
both  throttles  will  be  evaluated.  The  pertinent  dimensions  of  both  throttle 
control  systems  are  given  in  Figure  8. 

No  particular  effort  was  made  during  the  design  of  this  feasibility 
model  to  optimize  the  system  so  far  as  weight  was  concerned.  For  example, 
an  existing  ICC-approved  high  pressure  nitrogen  bottle  was  utilized  for 
source  gas  in  the  propulsion  system,  and  two  existing  Air  Force  breathing 
oxygen  bottles  were  utilized  for  propellant  tanks.  As  a  result  the  SRLD 
empty  weight  as  it  stands  today,  in  flight-ready  condition,  is  79.57  pounds. 
The  operator’s  weight,  ready  for  flight  including  suit  and  helmet,  stands  at 
154.4  pounds.  Forty-seven  pounds  of  hydrogen  peroxide  are  loaded  in  the 
propellant  tanks  and  two  pounds  of  nitrogen  gas  charged  in  the  high  pressure 
cylinder.  Taking  all  the  foregoing  into  account,  the  take-off  weight  of  the 
SRLD  is  283.97  pounds.  Table  1  is  a  detailed  weight  breakdown  of  the  SRLD 
system. 
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Figure  8.  SRLD  Propellant  Timer  —  Schematic  Diagram 
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SRLD  WEIGHT  BREAKDOWN 


Item 

No. 

Part 

No. 

Part 

Name 

Weight 

(pounds) 

1 

AN6085BX415-21 

N2  Storage  Bottle 

16.25 

2 

MS28889-1 

Hi-Press  Fill  Valve 

.16 

3 

2725-3 

Hi-Press  Gage 

.15 

4 

8060-472001 

Shutoff  Valve 

.54 

5 

8060-472004 

Filter 

.24 

6 

8123-472010 

N2  Regulator 

1.65 

7 

8123-472003 

Check  Valve 

.19 

8 

8123-472015 

Press.  &  Vent  Valve 

.50 

9 

8060-472122 

Relief  Valve 

.36 

10 

1525-316SS 

Lo  Press  Gage 

.30 

11 

8123-471001 

Storage  Tank  Assy  H2O2 

12.25 

12 

8123-472005 

(2) 

Manual  H2O 2  Fill,  Drain  &  Bleed  Valve 

.28 

13 

8123-472002 

Throttle  Valve 

1.40 

14 

8123-470001 

Gas  Generator  Assy 

5.69 

15 

8123-470040 

(2) 

Gimballed  Nozzle  Assy 

2.40 

16 

R22533-10-0180 

Flexible  Hose 

.60 

17 

8123-460009 

Harness  &  Insulation 

5.50 

18 

8123-460008 

Support  Frame  Assy 

2.30 

19 

8123-460007 

Lift  Support  Assy  (Minus  Gas  Gen.) 

10.80 

20 

Control  Cables  (Including  Throttle) 

5.25 

21 

Throttle  Handle 

.86 

22 

Control  Stick  Assy 

1.65 

23 

Belt  &  Abdominal  Support 

1.25 

24 

Upper  Tether  Tiedown  Support, 

3.00 

25 

Battery  &  Timing  Equipment 

4.00 

26 

Plumbing  &  Miscellaneous  Fittings 

2.00 

SRLD  Empty  Weight  = 

79.57  lbs. 

Operator 

141.00 

Flight  Suit 

4.50 

Insulated  Underclothes 

1.25 

Boots 

4.40 

Helmet 

3.25 

Operator's  Weight  = 

154.40 

Propellant  Weight 

47.00 

Source  Press  Weight  * 

2.00 

Takeoff  Weight  - 

283.97  lbs. 
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A  special  flight  suit  was  designed  and  fabricated  for  the  SRLD  oper¬ 
ator.  This  was  done  primarily  from  the  standpoint  of  safety  and  secondly 
of  obtaining  good  engineering  data  on  the  body  and  limb  positions.  The 
suit  was  designed  to  be  worn  over  quilted  "  dacron"  underwear  and  was 
fabricated  in  such  a  fashion  as  to  draw  the  material  tightly  about  the  limbs 
and  torso,  so  that  body  joints,  leg  angles,  etc,  would  be  readily  detectable 
on  the  flifeht  films  for  analysis  purposes.  The  suit  itself  was  fabricated 
from  chartreuse-colored  "Graylite"  material,  a  polyvinyl-impregnated 
cloth.  This  material  is  suitable  for  use  with  raw  hydrogen  peroxide. 
Nine-inch  insulated  boots  with  a  deep  ripple,  soft-rubber  sole  were  pro- 
curred  for  the  operator' s  use.  These  will  afford  the  maximum  protection 
from  accidental  ankle  injuries,  hard  landings,  and  high  temperature  ex¬ 
haust.  Figure  9  is  a  photo  of  this  flight  clothing  as  worn  by  the  operator. 
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A  simple  pressurized  90%  hydrogen  peroxide  propulsion  system  was 
chosen  to  power  this  feasibility  model  of  the  SRUD.  Whenever  possible, 
proven  components  were  utilized  to  enhance  the  safety  and  reliability  of  the 
system.  Referring:  to  the  photo -schematic  (figure  10),  beginning  at  the 
bottom  center  is  a  standard  high-pressure  cylinder  in  which  nitrogen  gas  Is 
stored  at  2100  pel.  The  bottle  is  charged  through  a  standard  aircraft-type 
hi -pressure  fill  valve  and  pressure  is  indicated  to  the  operator  by  a  miniature 
high  pressure  gauge.  The  stored  gas  flow  Into  the  system  is  controlled  by  a 
manually-operated  Ng  shutoff  valve  developed  for  the  Mercury  Project.  This 
la  followed  by  a  high-pressure,  10-micron  filter  also  developed  for  HgOj 
systems  on  the  Mercury  Project.  The  filter  flows  into  a  Bell-modlfled  Grove 
"Mitey-Mite"  pressure  regulator.  The  regulator  is  a  normally -open,  gas- 
loaded  dome  type.  A  suitable  Chech  valve  is  provided  at  the  outlet  of  the 
pressure  regulator  and  eliminates  any  possible  bach-flow  of  HgOg  In  the  event 
of  accidental  source  gas  loss  after  propellant  tanh  pressurization.  Pressure 
to  and  from  the  propellant  tankage  assembly  Is  manually  controlled,  by  means  of 
a  "pressurize  and  vent"  (3-way)  valve.  A  0-900  pal.  peroxide-compatible 
tank  pressure  gauge  Is  teed  Into  the  tank  pressurization  line  just  downstream 
of  the  "Press.  &  Vent"  valve  along  with  a  tank  pressure  relief  valve,  set  at 
525  psi.  The  latter  two  valves  are  also  Mercury  components. 

The  propellant  tankage  system  consists  of  two  modified  AF  type  D -2 
breathing  oxygen  bottles  tied  together  at  the  bottom  by  special  bosses  and  a 
manifold.  Located  at  one  end  of  the  manifold  is  a  small  shutoff  valve.  This  > 
valve  Is  used  to  fill  and  drain  the  tankage  system.  Inserted  in  the  top  of  each 
tank  is  a  tube  that  is  connected  to  another  shutoff  valve.  This  is  the  tank  Meed 
valve.  Those  overflow  tubes  are  inserted  at  a  predetermined  height  to  control 
the  amount  of  ullage  when  the  tank  Is  filled.  The  propellant  flows  under  a 
pressure  of  460  psl  from  the  center  of  the  manifold  through  a  flexible  line  to 
the  throttle  valve. 

The  throttle  valve  is  a  plunger  and  spool  type  valve.  The  spool  has  a 
series  of  orifices  which  when  uncovered  by  the  plunger  varies  the  amount  of 
hydrogen  peroxide  flow  from  zero  to  maximum  flow  to  the  gas  generator. 
Peroxide  flowing  from  the  throttle  valve  is  dscomposed  by  catalytic  action  In 
the  gas  generator.  The  decomposed  gases  are  directed  through  and  expanded 
in  the  two  exhaust  nozzles  to  produce  thrust  proportional  to  the  peroxide  flow, 
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The  two  exhaust  nozzles  are  gimballed  and  are  controllable  for  pitch ,• 
yaw,  and  roll  by  movement  of  the  left  hand  grip  if  desired. 

To  actuate  the  propulsion  system,  the  operator  places  the  P  and  V  valve 
in  "Pressurize"  posistion,  opens  the  N2  shutoff  valve,  and  squeezes  the  throttle 
control. 

After  the  initial  Ulld-up  of  the  propulsion  system  was  completed,  it  was 
chemically  cleaned  and  filled  with  distilled  water  for  test  purposes.  The  actual 
pressurization  and  flow  tests  with  distilled  water  were  successfully  completed 
without  incident.  Residual  propellant,  (water  in  this  case)  averages  approxi¬ 
mately  2  pounds  when  the  first  gas  bubble  goes  through  the  gas  generator  feed 
line.  The  nitrogen  supply  pressure  averaged  about  900  psi  at  the  end  of  liquid 
expulsion  when  the  initial  charge  was  2100  psi.  The  modified  Grove  regulator 
pressure  drop-off  was  within  the  expected  values.  Various  types  of  pressuri¬ 
zation  and  flow  rate  changes  were  tried.  The  purpose  of  these  tests  was  to 
detect  any  possible  malfunction  tendencies  of  the  system  or  components.  Mo 
problems  were  encountered.  The  detailed  test  data  for  these  water  flow  test 
reports  are  shown  in  Appendix  XL 

The  completion  of  the  foregoing  system  water  flow  test  represented  the 
final  work  requirement  in  Phase  1  of  this  contract.  Phase  n  was  begun  with 
hot-captive  firings  in  the  test  cell  with  a  weighted  plaster  dummy.  This  will 
be  followed  by  manned  captive  flight  tests  and  finally  manned  free-flight  tests. 


SRLD  PERFORMANCE  SUMMARY 


Thrust 

Throttle  Range 
Isp  (100%  Thrust) 
Propellant  (H2O2) 

N2  Source  Pressure 
Tank  Pressure 
Relief  Valve  Pressure 
Nominal  Duration 


280  lbs.  nominal 
0  to  100% 

120+  min. 

47  lbs.  max. 

2100  psi 
450  psi 
525  psi 
~  22  sec. 


The  following  itemized  list  gives  all  the  basic  information  and  test  results 
of  the  individual  components  that  are  used  in  the  propulsion  system. 
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AN6025BX415-21  Nitrogen  Storage  Bottles 


Certified  material  and  test  information  were  received  from  the  vendor 
(Walter  Kidde  Company).  The  bottles  were  hydrostatically  tested  to  3500  pel. 
Permanent  expansion  was  0.2  cubic  centimeters  on  one  bottle  and  0.5  cubic 
centimeters  on  the  second  bottle.  One  unit  is  mounted  on  the  SRLD  and  the 
other  is  being  held  for  a  spare. 

MS28889-1  High  Pressure  Charging  Valve 

This  government  standard  part  is  satisfactory  for  service  operation  at 
3000  psl,  is  fully  developed,  and  is  available  from  government-approved  sources 
which  are  on  the  QPL  list.  Two  of  these  units  were  cleaned  and  functionally 
tested.  One  item  was  Installed  on  the  SRLD  and  the  other  is  being  held  for  a 
spare. 

2725-3  High  Pressure  Gauge  0-3000  psi 

Two  small  gauges  (0-3000  psi)  were  purchased  from  Rochester  Manufac¬ 
turing  Company.  These  gauges  were  not  compatible  with  hydrogen  peroxide. 
However,  due  to  the  fact  that  they  are  used  in  the  source  gas  system,  they  are 
considered  acceptable.  The  gauges  were  processed  chemically  clean  at  Bell 
Aerosystems  Company.  Calibration  curves  of  these  gauges  are  presented  in 
Figure  11. 

8060-472001  Manual  Nitrogen  Shutoff  Valve 

This  valve  is  a  manually -operated  ball-type  valve  which  has  been  devel¬ 
oped  for  use  in  H2O2  pressurizing  gas  systems.  The  operating  range  is  0  to 
3000  psl.,  requires  a  rotary  motion  of  90  degrees,  and  approximately  12  inch- 
pounds  of  torque.  Leakage  external  and  Internal  does  not  exceed  5  cc  per 
hour  and  life  is  1000  cycles. 

Accountability  of  two  of  these  units  was  transferred  from  the  ’’Mercury" 
program  to  the  SRLD  program  and  to  be  used  in  the  "as  is"  condition.  Another 
unit  was  bought  specifically  for  the  SRLD  program  and  is  available  for  use. 
Pressure  drop  and  flow  data  are  shown  in  Figure  12. 

8060-472004  Filter 

This  is  a  10  micron,  304  stainless  steel,  convoluted  wire  mesh  filter 
encased  with  an  aluminum  body  developed  for  the  Mercury  Project.  The  operat¬ 
ing  pressure  range  is  0-3.000  psl.  Cycle  life  without  structural  failure  is  2000 
cycles  with  pressure  applied  from  0  to  3000  psl. 
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Two  of  these  filters  were  transferred  from  the  "Mercury”  program  to 
the  SRLD  program,  to  be  used  in  the  "as  is"  condition.  An  additional  unit  las 
been  purchased  and  is  now  available.  Figure  13  shows  the  gas  flow  test  results 
at  various  inlet  pressures  versus  pressure  drops. 

8123-472010  Pressure  Regulator 

Unless  an  extensive  development  program  was  authorized,  Scott  Aviation 
would  not  supply  components  for  modification  to  meet  the  SRLD  requirements. 
Consequently,  an  "off  the  shelf*  Grove  Regulator  Company,  Model  94X  "Mltey- 
Mite"  regulator  was  selected.  Initial  Informal  tests  indicated  that  a  balanced 
poppet  design  was  required  to  reduce  the  regulated  pressure  drop  during  flow. 

Two  of  these  units  were  modified  by  Bell  to  Incorporate  this  feature. 

See  Appendix  in  for  test  data. 

8123-472003  Check  Valve 


A  Spartan  Aircraft  check  valve  of  the  size  required  for  the  SRLD  had  a 
minimum  pressure  drop  of  30  psi.  Spartan  would  not  accept  a  contract  to 
supply  a  unit  with  a  maximum  drop  of  10  psi  unless  a  development  program  was 
authorized. 

A  James,  Pond,  Clark  "Circle  Seal*'  check  valve  was  selected  and  tested. 
The  valve  "as  is"  would  not  pass  low  reverse  pressure  leak  tests  because  of 
the  Teflon  dynamic  seal  "O"  ring.  This  was  replaced  by  a  Viton  "A"  'O'  ring 
and  successfully  passed  flow  and  leakage  tests.  See  Figure  14  for  flow  test 
results. 

8123-472015  Pressure  and  Vent  Valve 


This  is  a  manually -operated  push-pull  spool  type  valve  designed  for  the 
Mercury  Program.  In  the  push  position,  it  keeps  the  tank  vented  and  shuts  off 
source  gas  to  the  tank,  and  in  the  pull  position  it  allows  source  gas  to  flow  to 
the  tanks  and  closes  the  overboard  vent  line.  This  valve  has  been  developed  for 
100  cycle  life  operation  and  operates  over  a  pressure  range  of  0  to  525  psi.  It 
has  also  been  designed  for  compatibility  with  hydrogen  peroxide  systems. 

The  accountability  of  two  "Mercury"  units  (8060-472036)  were  transferred 
to  the  SRLD  program.  An  additional  unit  is  being  manufactured  solely  for  the 
SRLD  program. 
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Figure  13.  Gas  Flow  vs  AP  (N„  Filter) 


Problems  encbontered  with  thlti  valve  were  "O"  ring  blow-out  duo  to 
wire -drawing  of  the  soft  durometer  silicone  (DO  0711)  "6"  ring  during  pres¬ 
surization,  and  maintaining  the  piston  In  the  vent  position  because  of  the  slight 
pressure  unbalance. 

The  following  modifications  were  madfe  to  the  values  to  overcome  these 
problems:  The  first  problem  was  overcomf  by  changing  the  "0"  ring  compound 
to  Viton  "A”  which  has  greater  tear  resistance.  The  second  problem  was  re¬ 
solved  by  adding  a  ball  detent  which  held  the  piston  in  the  tank  vent  position. 

Pressure  drop  test  data  on  this  unit  is  shown  in  Figure  15. 

8050-472122  Relief  Valve 

This  is  a  spring-loaded  soft-seat  type  valve  designed  for  nae  In  a  hydrogen 
peroxide  system  for  the  Mercury  Program.  The  life  cycle  le  over  500  cycles. 
Cracking  presaure  range  Is  adjustable  from  500  to  600  psi  and  reaeat  from  450 
to  550  psi.  Leakage  does  not  exceed  5  cc  per  hour  at  reseat  and  lower  pressures. 
At  fully  opeaed  positon,  the  valve  will  pass  approximately  75  SC7M  aitrogea  gaa. 

Two  of  these  unite  were  procured  from  the  "Mercury"  program  and  are 
being  used  in  the  "as  is"  condition  for  the  SRLD  program*  An  additional  fetrU  is 
being  manufactured  for  the  SRLD  program.  The  following  test  data  was  taken 
from  the  first  unit. 

Specified  Presaure  1  2  8  4  6 

Cracking  Pressure  535-580  psi  551  550  540  650  550 

Reseat  Pressure  480  psi  Minimum  525  628  524  628  628 


Zc^o  leakage  after  reseat  up  to  15  minutes  was  observed. 

1525-3188S  Low  Pressure  Gauge  0-600  psi 

Two  stainless  steel  gauges,  0-800  psi,  purchased  from  U.S.  Gauge  Company 
for  use  in  the  hydrogen  peroxide  system  were  successfully  cleaned  and  conditioned 
for  peroxide  service.  See  Figure  11  for  calibration  eurvs  prsssntation. 


8123-471001  Hydrogen  Peroxide  flimrMf  Tank  Assembly 


Two  sets  of  Hydrogen  Peroxide  tank  assemblies  were  made  from  standard 
Dj  typs  oxygen  bottles.  Ons  sat  was  proof,  fatigue  and  burst  tsstsd.  Set  Figure  1$. 
The  other  set  was  proof  tostsd  and  is  now  instnllod  on  the  SELT 
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The  proof  test  pressure  was  788  psl.  Figure  17  presents  th<*  displace¬ 
ment  and  permanent  set  curves  of  the  first  set  of  tanks.  Fatigue  testing  con¬ 
sisted  of  2000  cycles  of  0-525  psi  pressure,  during  which  no  leakage  occurred. 
On  the  burst  test,  at  1150  psi  a  crack  developed  in  the  weld  at  the  left-hand 
outlet  fitting.  Figure  18  is  a  displacement  und  Bet  curve  deprived  from  test 
data  during  burst  test.  Figure  19  shows  the  proof  test  displacement  and 
permanent  set  curve  of  the  set  of  tanks  now  Installed  On  the  SELD. 

8123-472005  Manual  Fill,  Drain  and  Bleed  Valve  (2  Required) 

In  order  to  reduce  the  weight  and  envelope  configuration  of  the  original 
8000-472009  valves  it  .was  decided  to  go  to  smaller  valve.  A  "Shrike"  bleed 
valve  (59-472-275)  was  selected  because  of  its  sine  and  weight  (approximately 
1/4  of  the  original  valve).  For  compatibility  with  hydrogen  peroxide,  it  wan 
necessary  to  modify  these  valves  by  removing  the  chrome  plating  from  the 
needle  detail.  This  valve  is  also  being  used  as  a  shutoff  valve  in  the  fill  bleed 
system. 

8121-472002  Throttle  Valve 


Karly  in  the  design  phase  of  the  propulsUm  system,  the  throttling  charac¬ 
teristics  required  for  the  SRLD  were  determined.  It  was  desirable  to  attain 
approximately  70  percent  thrust  with  approximately  35  percent  of  the  Initial 
throttle  stroke,  and  to  reserve  the  remaining  05  percent  of  the  throttle  stroke 
for  vernier  thrust  control  between  70  and  100  percent  This  feature  provides 
good,  sensitive  hovering  control  as  propellant  is  utilised  during  the  flight. 

The  foregoing  throttle  valve  characteristics  are  presented  in  the  curve  in 
Figure  20.  Two  additional  characteristics  assigned  to  the  design  of  this  valve 
were:  positive  shutoff  at  the  end  of  the  stroke,  and  low  breakout  and  running 
friction  to  allow  smooth  throttling  notion.  The  valves  were  designed  and 
fabricated  by  the  National  Water  Lift  Company  of  Kalamasoo,  Michigan.  Design, 
fabrication,  preliminary  test,  and  delivery  was  accomplished  by  them,  on 
schedule.  Tests  at  Bell  coaflrmed  that  the  throttling  flow  and  shutoff  charac¬ 
teristics  of  both  valves  wars  within  specification  tolerances,  and  they  met 
90  percent  HjOg  compatibility  requirements.  However  ,  when  one  valve  was 
installed  on  the  SR7JD  gas  generator  test  stand  for  hot  firing  evaluation,  trouble 
was  encountered  with  high  breakout  frictioa,  sticky  operation  and  shearing  of 
the  shutoff  "O"  ring  by  the  plunger.  Tests  wart  continued  after  removal  of  the 
shutoff  "0H  ring  and  lubrication  of  tbs  "Vlton"  running  ”0"  ring  seals.  The  result¬ 
ing  leakage  of  150  cc/min.  at  ope  rating  pres  sure  was  considered  acceptable  for 
temporary  use.  The  second  valve  was  returned  to  the  vendor  for  redesign  and 
rework  ao  requirod.  As  a  result,  tbs  following  changes  were  mads: 


RESSURE-psi 


Figure  20.  Throttle  Valve  Water  Flow  Test  Curve 


1.  The  shutoff  "On  ring  seal  and  groove  were  removed. 

2.  New,  close  tolerance  plunger  and  spool  were  Installed. 

3.  The  flow  annulus  around  the  initial  throttling  orifices  was  removed. 

4.  Teflon-capped  dynamic  ”0"  ring  seals  were  Installed. 

As  a  result  of  these  changes  the  valve  now  works  smoothly,  with  a  breakout 
force  of  five  pounds  and  running  force  of  3.5  pounds.  Leakage  in  the  shutoff 
position,  at  maximum  operating  pre&rure,  is  1.6  cc/min. 

The  second  valve  will  be  returned  to  NWL  for  rework  and  returned  to 
Bell  for  additional  testing. 

8123-470001  Gas  Generator  Assembly 

The  hydrogen  peroxide  gas  generator  is  of  a  conventional  design  which 
has  proven  its  reliability  efficiency  and  endurance  in  many  similar  applications. 
The  essential  and  performance -controlling  component  is  the  catalyst  bed. 
Catalyst  material  is  the  Bell  Type  7  catalyst  screen. 

Specific  impulse  varies  somewhat  when  a  rocket  motor  or  gas  generator 
is  throttled  from  the  design  point.  This  factor  must  be  taken  into  consideration 
when  calculating  theoretical  SRLD  flight  times.  For  this  pupose,  curves  of 
gas  generator  ISp  and  flow  rate  versus  thrust  are  presented  in  Figure  21. 

The  gas  generator  chamber  is  constructed  of  347  stainless  steel  and  of  an 
all-welded  design  to  avoid  any  possibility  of  leakage.  A  sufficiently  large 
chamber  volume  downstream  of  the  catalyst  bed  ensures  an  equal  flow  distri¬ 
bution  into  the  two  hot  gas  branches  leading  to  the  nozzles. 

The  external  surface  of  the  gas  generator  is  enveloped  by  a  perforated 
heat  shield  to  avoid  skin  burns  on  accidental  touch. 

Test  firing  of  the  gas  generator  began  in  October  1980.  The  catalyst  bed 
was  conditioned  for  250  seconds.  Because  no  performance  discrepancy  was 
evident,  it  was  decided  to  proceed  immediately  with  reliability  testing.  A  total 
of  88  firings  were  conducted  with  close  monitoring  of  all  performance  para¬ 
meters  (see  Appendix  IV).  Results  of  these  tests  are  shown  in  Figure  22.  The 
majority  of  these  tests  used  the  fixed  nozzle  configuration.  However,  because 
the  test  program  was  proceeding  without  complications,  it  was  decided  after 
Run  47  to  install  the  flexible  nozzles  of  the  ball  Joint  type  into  the  system  to 
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obtain  information  about  their  operating  characteristics.  Observed  frictional 
forces  were  excessive  and  the  nozzles  were  locked  for  the  remainder  of  the 
reliability  test  program. 

On  Run  85  a  test  was  made  to  determine  what  the  maximum  temperature 
of  the  feed  line  H2O2  would  be  if  the  SRLD  were  fired  for  30  seconds  and  shut- 
down  without  purging  or  venting.  This  is  a  safety  consideration.  This  tempera¬ 
ture  was  found  to  reach  a  maximum  of  170°F  at  22  minutes  after  shutdown  and 
is  considered  safe.  Figure  23  is  a  time-temperature  curve  from  this  test. 

8123-470040  Gimballed  Nozzle  Assembly 

The  lift-producing  nozzles  are  of  the  swivel  type  to  provide  flight  control. 
The  nozzles  are  fully  gimballed  and  can  be  deflected  in  a  complete  circle  at  an 
angle  of  9  degrees.  However,  an  inboard  stop  prevents  deflection  towards  the 
body  of  the  pilot. 

Figure  24  shows  the  design  approach  taken  by  Bell  Aerosystems  Company 
to  develop  a  swlveHype  nozzle. 

Testing  of  the  original  ball  joint  flexible  nozzles  revealed  high  frictional 
forces  under  axial  loads  induced  by  internal  pressures  on  the  nozzle  and  inner 
race.  These  frictional  forces  are  amplified  by  wedge  action  between  the  inner 
and  outer  race  under  axial  load.  The  forces  required  to  deflect  the  nozzles 
were  found  to  be  150  to  300  inch-pounds  at  the  end  of  a  30  second  firing  period, 
virtually  resulting  in  seizing  of  the  joint  while  hot.  A  redesign  waB  immediately 
initiated  with  the  following  objectives. 

(1)  Relocate  the  nozzle  throat,  axially,  to  balance  the  dynamic  pressure 
forces  of  the  convergent  and  divergent  nozzle  to  a  possible  optimum 
to  reduce  axial  loads. 

(2)  Reduce  bail  joint  diameter  to  a  minimum  to  reduce  the  magnitude  of 
unbalanced  cross-sections  and  axial  forces. 

• 

(3)  Utilize  external  gimbals  to  take  axial  loads  and  provide  low-friction , 
high-temperature  seals  on  the  spherical  surfaces  between  the  two 
moving  nozzle  sections. 

Design  illustration  MC”  in  Figure  24  was  selected  for  fabrication.  Cold 
actuation  torque  on  these  nozzles  was  very  low  with  pressure  on  the  seal 
adequate  to  seal  properly.  Subsequent  hot  firings  showed  that  the  friction  feel 
of  the  gimballed  nozzles  seemed  no  different  than  the  cold  static  "feel". 
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Figure  23.  Feed  Line  Temperature  Curve 
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A.  ORIGINAL  DESIGN 


B.  SUBSEQUENT  DESIGN  STUDY 


Figure  24.  Flexible  Nozzle  Design  Approaches 


However,  the  friction  level  Is  deemed  high  enough  to  demand  an  excessive 
weight  to  overcome  it,  if  the  automatic  stabilization  system  is  to  be  used. 
Insomuch  as  this  system  is  not  deemed  mandatory  for  safe  flight  control, 
it  was  decided  to  ’’wring  out"  the  other  methods  of  control  and  install  this 
system  later  if  required. 


HI. STABILITY  AND  CONTROL 


Studies  were  made  of  the  controlled  lateral  behavior  of  a  man  sup¬ 
ported  by  theSRLD.  Syatam  dynamics  wer^  instrumented  on  an  analog  com¬ 
puter  and  control  inputs  were  provided  by  a  human  operator  who  responded 
to  visual  cues  displayed  on  an  oscilloscope  (Figure  25).':  Theiaiado^siiidlea  In¬ 
dicated  that  a  stability  augmentation  •.•system  may  not  be  necessary  for  sat¬ 
isfactory  control.  Control  momenta  reduced  from  original  design  values  re¬ 
sulted  in  highly  improved  handling  characteristics.  Preliminary  Phase  Q 
tethered  flight  tests  have  not  reached  the  stage  where  correlations  between 
flight  test  observations  and  the  computer  studies  can  be  made. 

Early  tethered  flights  on  fiPJLD  test  rigs  powered  by  compressed  ni¬ 
trogen  s  howed  certain  undesirable  stability  and  control  character  latica. 
Fore-aft  pitching  and.  translation  were  satisfactory  but  lateral  traoaL«,tlcn 
and  rolling  motions  ware  oscillatory  and  for  the  moat  nnrt  uncontrollable. 

In  order  to  obtain  a  better  understanding  of  the  system  dynamics,  a  mathe¬ 
matic  model  possessing  some  of  the  basic  properties  of  a  man  supported  by 
a  rocket  lifting  device  was  simulated  on  analog  computing  equipment  initial 
studies  were  concerned  mainly  with  the  effect  of  a  stability  augmentation 
scheme  on  the  uncontrolled  lateral  behavior.  Subsequent  studies  were  then 
made  to  determine  how  certain  parameters  influenced  the  controlled  behav¬ 
ior  by  a  man  whose  task  was  to  hove*  and  translate  laterally.  These  letter 
studies  are  discussed  In  this  report. 

A.  METHOD  OF  ANALYSIS 

the  model  of  the  man-machine  combination  and  stability  augmentation 
device  used  in  thie  investigation  la  shewn  in  Figure  20  along  with  the  appli¬ 
cable  equations  of  motion. 

This  model  has  an  upper  and  a  lower  body  connected  by  a  torsional 
spring  at  a  point  corresponding  to  ths  hip  aids.  Rocket  noaslea  are  located 
at  the  end  of  L-ehsped  arms  assumed  to  be  rigidly  attached,  to  the  upper  body. 
The  upper  body  represents  the  man's  upper  torso,  head,  arms,  propellant 
»nnk«,  gas  generator,  valvea  and  tubing.  The  lower  body  represents  the  lege. 
Except  for  the  hip  spring,  this  model  is  similar  to  the  one  developed  In  Ref¬ 
erence  2  Small-angle  approximations  wtr*  used  In  ths  dertvAttans.  Effects 
of  variable  mass  and  moment  of  inertia  due  to  propellant  consumption  were 
neglected.  The  a  a  ttoas  were  inatrum^ntedon  an  analog  computer. 


45 


I,  q,  -  m,g  /*q,  -  K,<qa  -q, )  4  *57.3  m,  /,*•  -gr  (4,  +  •*,  >  &n 
JCj  qf  ♦  mf  g^3  qt  *  Kl(qf-q|  >  -57.3  mt*  ,*  »0 
57.3  (m,  4  m2)  x  4  m,  i  t  q,  ~  mf  ^5  ■  T*  «i  +  *T 

8,  +  *£“n»l+".,8.*-^qi 
®rf  + 

Figure  26.  Schematics  of  Man -Machine  Combination  and  Stability 
Augmentation  Device;  Equations  of  Motion 
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Provisions  were  made  for  limiting  the  deflects*  of  tbs  stability  augmenta¬ 
tion  system  { Sg)  as  a  function  of  the  nozzle  control  deflection  ( 8C).  This. re¬ 
lation  Is  Inherent  In.  the  control  system  design  and  is  shown  in  Figure  27. 

The  human  operator  or  pilot  was  required  to  control  his  motion,  based 
on  observations  of  his  position  and  motion  displayed  on  an  oscilloscope 
screen.  Figure  28  is  a  schematic  of  the  display  and  shows  the  Image  seen 
by  the  pilot  The  image  height  was  adjusted  to  slightly  over  71/2  Inch.  Thus 
its  height  to  displacement  ratio  would  give  the  Impression. that  the  image 
represented  a  6  foot  rigid  man. 

The  method  of  analysis  In  Reference  2  did  not  employ  a  human  opera¬ 
tor,  There,  tasks  were  givon  to.  the  man-machine  combination  In.  the  form 
of  specific  translations  at  predetermined  height.  Control  Inputs  were  In¬ 
troduced  on  the  basis  of  assumed  fixed  response  characteristics  of  a  human 
to  stimuli  s<^ch  as  height  deviations,  ground  plane  distance  deviations,  ve¬ 
locity,  and  acceleration.  True  trajectories  based  on  these  control  Inputs 
were  then  computed  on  digital  equipment.  Qne  interesting  analysis  concerned 
the  trajectory  after  a  forward  leg  kick  of  assumed  duration  and  nature. 

This  may  be,  it  seems,  a  good  starting  point  for  analytical  studies  of  kines¬ 
thetic  control  characteristics  by  performing;  inverse  analysis,  i.e.,  given  a 
prescribed,  trajectory,  solve  for  the  leg  motions  necessary  to  maintain  the 
trajectory. 

Although  the  digital  computer  approach  offers  advantages  in  the  form 
of  accuracy,  and.  the  use  of  more  detailed  analytical  expressions,  the  analog 
approach  has  the  advantage  of  a  human  operator.  Although  his  response 
characteristics  differ  between  real  and  analog  flights  he  can. express  judge¬ 
ment  concerning  the  similarities  and  dissimilarities,  desirable  and  unde¬ 
sirable  behavior,  especially  if  he  has  acquired  tethered  or  free-flight  exper¬ 
ience.  This  wae  the  case  for  two  of  the  three  pilots  involved  in  the  analog 
studies. 

* 

The  actual  prototype  control  stick  was  Incorporated,  in  the  simulation. 

It  was  mounted  on  a  sheet  metal  bracket  and  attached  to  a  slide  wire  potenti¬ 
ometer  whose  output  wae  fed  to  the  computer. 

In  addition  to  the  control  stick,  the  actual  SRLD  lias  provisions  for  kin¬ 
esthetic  shoulder  control  Tht  noasle  arms  are  attached  to  a  pivot  bearing 
located  behind  the  head  and  oan.bs  rotated  by  shoulder  movements.  This 
system  was  not,  however,  instrumented  with  the  computer.  The  overall  sys¬ 
tem  block  diagram  Is  shown  in  Figure  29. 
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8C«  NOZZLE  DEFLECTION  DOE  TO  CONTKOL  STICK 

B,*  NOZZLE  DEFLECTION  OUe  TO  STABILITY  AUGMENTATION  DEVICE 


Figure  27.  Stability  Augmentation  Deflection  Limits  as  a  Function 
of  Nozzle  Deflection  Due  to  Control  3tick 
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Figure  28.  Oscilloscope  Display  Schematic 


DISPLAY 


A  systematic  evaluation  of  the  stability  augmentation  system  was  the 
first  phase  of  the  study.  The  object  was  to  find  the  effect  of  frequency  and 
damping  on  the  controlled  behavior  of  the  man- machine  combination,  and  if 
possible,  to  specify  desirable  values  for  design  purposes.  Twenty-five  com¬ 
binations  of  frequency  and  damping  were  chosen. 

Following  these  stability  system  tests,  the  effects  of  other  parameters 
were  studied.  These  parameters  included  the  hip-spring  constant,  upper  and 
lower  body  moments  of  inertia,  nozzle  height  above  the  gross  center  of 
gravity,  and  maximum  nozzle  deflection.  The  hip  spring  constant  used  for 
initial  studies  was  an  experimentally-determined  value.  It  was  obtained  . by 
suspending  a  man  and  measuring  the  force-deflection  relation  of  his  legs  for 
a  semi -relaxed  condition. 

/  Amplified  pilot- rating  system  was  used.  This  system  (shown  below) 
was  chosen  because  of  its  simplicity  and,  being  a  comparative  type,  would 
quickly  establish  trends. 

Letter  Rating  Description 

A  Very  Good 

B  Good 

C  Fair 

D  Poor 

F  Uncontrollable 

B.  RESULTS  AND  DISCUSSION 

First  attempts  to  control  the  system  were  not  successful,  but  as  the 
study  progressed  and  the  pilots  acquired  learning  time,  their  ability  to  con¬ 
trol  the  system  improved.  The  results  of  the  first  stability  system  tests  are 
shown  in  Figure  30.  Note  that  pilot  A  was  given  a  velocity  display.  That  is, 
the  horizontal  displacement  of  the  oscilloscope  Image  was  proportional  to 
lateral  velocity  rather  than  displacement.  The  velocity  display  was  intro¬ 
duced  to  determine  the  effects  of  display  response  on  the  pilots'  level  of  per¬ 
formance.  Reference  1  shows  that  derivative  information  can  have  Significant 
effects  on  pilot  performance.  TiUs  did  not  seem  to  be  true  for  these  tests 
and  display  effects  were  not  pursued  further.  Figure  30c  is  a  combination  of 
Figures  30a  and  30b.  It  separates  the  ratings  into  C-D  and  D-F  groups. 

These  results  were  not  particularly  gratifying  since  39  of  the  50  ratings  were 


either  D  or  It  was  concluded  that: 

1.  Some  damping  in  the  lateral  stability  system  is  desirable. 

2.  The  stability  augmentation  system  might  be  of  secondary  impor¬ 
tance. 

Following  these  stability  system  tests, probes  were  made  to  determine 
which,  if  any,  of  the  other  parameters  liad  significant  effects  on  the  con¬ 
trolled  behavior.  During  these  probes  it  was  noted  that  the  scope  image 
maintained  a  hovering  attitude  if  the  pilot  kept  his  hands  off  the  control  stick 
when  the  computer  was  turned  on.  When  he  attempted  maneuvers  the  sys¬ 
tem  soon  became  uncontrollable.  These  extremes  —  uncontrollable  by  pilot 
and  satisfactory  hovering  with  no  control  inputs  —  pointed  to  excessive  con¬ 
trol  moments.  With  excessive  control,  spurious  pilot-induced  control  mo¬ 
ments  result  in  rapidly  occuring  uncontrollable  motions. 

A  series  of  runs  were  then  made  to  determine  the  effects  of  maximum 
available  control  by  changing  maximum  nozzle  deflection  and  nozzle  height 
above  the  gross  center  pf  gravity.  Results  are  shown  in  Figure  31.  Although 
most  of  the  ratings  are  uncontrollable  or  nearly  so,  the  difference,  as  noted 
by  the  pilots,  between  the  3,  6,  and  9  degree  deflections  were  definitely  in 
favor  of  the  3  and  6  degree  maximum  nozzle  deflections. 

On  the  basis  of  these  tests  the  SRLD  hardware  was  modified  by  lower¬ 
ing  the  nozzle  glrabal  point  from  3.75  inches  to  2  inches  above  the  gross 
center  of  gravity.  The  maximum  nozzle  deflections  are  easily  adjusted  on 
the  8RLD.  The  6  degree  maximum  deflection  will  be  used  in  the  first  series 
of  flight  tests.  This  will  give  a  maximum  rolling  moment  of 

TRmax  6°  2  TR1™'  "  280  lb 

Mmax  "  ~2  x  5773*  12 

«  2.44  ft-lbs 

The  maximum  value  used  in  Reference  2  is  12.5  foot-pounds.  This 
rolling  moment  is  obtained  from  maximum  differential  thrust  of  10  pounds  at 
a  15-lnch  moment  arm.  It  is  felt  that  the  nature  of  analysis,  l.e.,  digital  vs 
pilot- controlled  analog,  account  for  this  large  difference.  The  roll- lateral 
translation  motions  are  coupled, and  pilots  observing  the  oscilloscope  dis¬ 
play  rated  the  total  motion. 
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NOZZLE  HEIGHT 

ABOVE  GROSS  C.G.,  IN. 

MAXIMUM  NOZZLE  DEFLECTION ,  DEGREES  j 

3 

8 

9 

2 
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3.75 

F 

F 

F 

5 

F 

F 

F 

8 

F 

D- 

F 

II 

D- 

F 

D 

16 

0- 

F 

D- 

PILOT  A 

PILOT  B 

PILOT  A 

I 


"GROSS  C.G. 


Figure  31.  Effect  of  Maximum  Nozzle  Deflection  and  Moment  Arm  on  Pilot  Rating*. 
Inertial  Exploratory  Testa  on  Stability  Augmentation  System 
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The  maximum  stick  deflection  remained  constant  as.  the  maximum 
nozzle  deflection  waa  varied.  Thus,  as  the  nozzle  deflection  was  reduced 
from  3  degrees,  its  design,  value,  to  6  and  3  degrees,  the  sttckdeflection- 

nozzle  deflection  gradient,  as  measured  by  ,  Increased  by  factors 

8n»« 

of  1.33  and  3.00  respectively.  The  effect  of  a  constant  deflection  gradient 
for  various  nozzle  deflections  was  not  evaluated. 

After  those  tests  It  was  discovered  that  an  Increased  value  of  hip-* 
spring  constant  add  moment  of  Inertia  of  the  lower  body  had  significant 
effects  on. the  system  behavior.  Figure  32a  shows  the  effect  of  Increased  hip 
spring  constant  and  Figure  32b  shows  the  effect  of  raising  the  legs.  Com¬ 
parison  of  the  results  In  Figure  31  and  32  shows  that  the  hip  spring  constant 
has  a  primary  influence  on  the  controlled  lateral  behavior.  It  is  probably 
one  of  the  least  accurately  known  parameters. 

Short  exploratory  studies  were  also  made  to  study  the  effects  ,  of  mass 
and  Inertia  characteristics  on  the  controlled  lateral  behavior.  There  were 
•light  but  noticeable  effects.  More  detailed  studies  may  be  in  order  at  later 
stages  of  development 

During  thr  course  of  the  studies,  concerned  with  nozzle  heights  above 
the  gross  center  of  gravity,  there  appeared  an  interesting  phenomenon  which 
may  be  related  to  kinesthetic  control  behavior.  Consider  the  two-segment 
body  shown  in  Figure  33a.  If  a  force  Is  suddenly  applied  at  some  point  above 
the  gross  center  of  gravity,  the  line  joining  the  upper  and  lower  center#  of 
gravity  will  translate  and  rotate  to.  the  left.  •  If  the  line  of  action  of  the. force 
passes  above  the  upper,  body  c.g.  it  will  excite  the  bending  mode  as  ahown  ln 
Figure  33b.  If  the  Une  of  action  passes  below  the  upper  body  c.g.  It  will  ex¬ 
cite  the  bending  mode  as  shown. In.  Figure  33c.  At  on#  time  when. the. mossle 
glmbal  height  was  slightly  above  the  gross  c.g.,  this  latter  phenomenon  was 
observed.  For  rapid  control  inputs  the  oscilloscope  image,  which  repre¬ 
sented  upper  body  attitude,  began  . Initial  angular  motions  in  a  direction,  oppo¬ 
site  that  desired  by  the  pilot  This  phenomenon  was  also  observed  on  captive 
flight  tests  with  nitrogen  rigs. 

As  mentioned  earlier  the  pilots  became  more  proficient  as  the  studies 
progressed.  The  direction  of  angular  movement  of  the  display  image  ap¬ 
peared  to  be  the  primary  stimulus.  When  the  pilots,  learned  to  lead  this  an* 
gular  movement  properly  with,  the  control  stick,  they  could  maintain  the 
upper  body  attitude  within  reasonable  limits.  Lateral  displacement  seemed 
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HIP  SPRING  CONSTANT  ■  90  FT- LB/RAD. 

INERTIA  OF  LOWER  BODY  CORRESPONDING  TO  LEGS  UP  CONDITION 
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Figure  32.  Effect  of  Increased  Hip  Constant  and  Inertiai 
of  Lower  Legs  on  Pilot  Ratings 
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Figure  33.  Illustration  of  Body  Bending  Mode  Excitation 
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of  seconda;  y  importance  as  a  response  stimulus.  The  pilots  became  more 
critical  in  their  judgement  ae  they  became  more  proficient  and  began  annota¬ 
ting  plus  (+}  and  minus  (-)  signs  to  the  letter  ratings.  They  repeated  runs 
often  and  felt  that  -with  practice  they  could  do  better  for  the  test  runs  in  the 
D-F  category. 

£L_ _ CONCLUSIONS 

From  the  results  of  the  analog  computer  studies  of  the  pilot- controlled 
lateral  behavior  of  the  SRUD  the  following  conclusions  can  be  made: 

1.  If  stability  augmentation  is  Incorporated  some  damping  should  be 
present  and  low  frequencies  avoided.  The  overall  studies  do  not 
show  that  stability  augmentation  is  absolutely  necessary. 

2.  The  hip-spring  constant  has  a  primary  influence  on  the  system  dy¬ 
namics.  High  values  are  most  desirable.  # Since  it  is  a  combined 
human-factor  and  physiological  parameter  its  value  is  not  accu¬ 
rately  known. 

3.  Mass  and  inertia  characteristics  have  noticeable  effects  on  con¬ 
trolled  behavior  and  further  studies  may  prove  valuable  at  a  later 
date. 

4.  Control  moments  reduced  from  original  design  values  resulted  in 
highly  improved  handling  characteristics. 

5.  The  two-segment  model  exhibits  some  basic  dynamic;  characteris¬ 
tics  that  make  it  suitable  for  analysis  of  SRLD  configurations.  Con 
tinued  analysis  may  yield  Information  valuable  for  kinesthetic  con¬ 
trol  analysis. 

D.  RECOMMENDATIONS 

Based  on  the  overall  test  results  it  was  recommended  that  the  nozzle 
gimbal  height  of  2  inches  above  the  gross  c.g.  be  adopted  along  with  6  degree 
maximum  nozzle  deflection.  These  numbers  would  result  in  improved  con¬ 
trolled  lateral  behavior  characteristics. 


IV.  HUMAN  FACTORS 


Participation  of  Human  Factors  Personnel  during  Phase  I,  consisted 
chiefly  in  obtaining  anthropometric  data  on  the  flight-test  operator,  propos¬ 
ing  different  possible  control  configurations,  monitoring  design  of  the  SRLD 
feasibility  model,  providing  body- mass  data  for  REAC  analog  computer 
studies,  and  preparing  flight  plans  for  the  SRLD  Captive  Flight- Test  Program. 

A.  ANTHROPOMETRIC  DATA 


The  anthropometric  data  presented  in  Table  2  were  used  in  design  of 
prototype  equipment.  Fitting  of  the  fiberglass  corset  by  means  of  a  plaster- 
cast  of  the  body  was  monitored  by  human  factors  and  medical  specialists. 
Emphasis  was  placed  on  supporting  weight  of  the  propellant-loaded  SRLD 
device  about  the  hips  where  severe  injury  is  least  likely  to  occur  in  a  hard 
landing. 

B.  CONFIGURATIONS  TO  BE  CONSIDERED 

A  hand  controller-arm  restraint  design,  which  is  relatively  insensitive 
to  acceleration  forces,  was  proposed.  Because  of  increased  complexity  over 
the  existing  design,  the  proposed  concept  was  not  incorporated  in  early  test 
hardware.  Unless  simulator  data  and/or  actual  flight  test  indicate  a  need  for 
reducing  acceleration  effects  at  the  controller,  this  will  not  be  incorporated 
during  the  program. 

The  following  control  system  configurations  were  proposed  for  consider¬ 
ation  in  future  design,  or  as  specific  alternatives  to  be  Included  in  the  test 
program. 

1.  Pitch  and  roll  control  allocated  to  one  hand,  and  throttle  and  yaw  to 
the  other.  This  would  minimize  the  possibility  of  cross-coupling  to  be  antic¬ 
ipated  in  a  three-axis  controller. 

2.  Kinesthetic  control  for  pitch  and  roll,  with  a  tiller  or  steering  bar 
control  for  yaw.  Yaw  appears  to  be  the  control  function  most  difficult  to 
achieve  by  kinesthetic  means  and  requires  separate  control.  Steering  and 
throttle  control  may  then  become  a  one-hand  operation,  freeing  the  other 
hand  for  other  tasks. 
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3.  Operator  head  motion  for  two  or  thpee«axi#  control.  Forexampie., 
control  linkages  could  be  fastened  to  head  band  or  helmet,  with  forward  heed 
movement  resulting  in  pitch  forward  to  translate  forward;  the  head  moyod  to 
the  right,  would  result  in  roll  right,  And  translate  right;  rotating  the  head,  to 
the  right  or  left  would  result  in  yaw. 

One  hand  must  necessarily  be  occupied  with  throttle  control.  It 
therefore  seems  probable  that  two-axis  head  control  might  be  most  desirable, 
with  yaw  and  throttle  control  to  be  assigned  to  one  hand  as  described  rbove. 
Advantages  of  this  system  would  include  optimised  control-response  correla¬ 
tion,  freedom  of  one  hand  for  other  tasks,  and  possible  simplification  of  the 
control  linkages.  i 

C.  _ DATA 

The  Human  Factors  Section  prepared  body- mass  distribution,  center  of 
gravity  and  spring  rate  data  for  use  by  the  flight  technology  group  in  analog 
simulation  studies. 

After  review  of  available  literature,  it  was  decided  to  use  a  regression 
equation  developed  by  Barter,  (see  Reference  3)  in  determination  of  mass 
distribution  data. 

* 

Center  of  gravity  location  in  the  separate  body  segments  we#  derived 
by  determining  the  over-all  c.g.  location  of  the  test  pilot  experimentally, 
comparing  it  with  average  over-eJU  c.g.  location  as  determined  by  Dempster 
(see  Reference  4)  and  using  the  resulting  ratio  to  modify  the  body-sfc&ment 
c.g.  locations  as  determined  in  the  same  reference. 

v  Spring  rate  data  for  the  human  body ,  in  the  region  of  the  abdomen  and 
hip  joint,  was  derived  expert  raentUty.  The  test  pilot  was  suspended  in  a,  mock- 
up  of  the  SRLD,  and  his  upper  body  lnunobiUsed  by  fore,  aft,  and  elds  tethers 
fastened  at  the  waist.  The  force  required  to  deflect  the  lower  extremities  in 
increments  of  five  degrees  was.  measured  using  a  spring  be  lance  and  large 
protractor.  Measurements  were  taken  in  four  dhteettone  —  fore  end  ttii,  end 
left  and  right.  Spring  rates  were  then  calculated.  Body  segment  weights  used 
in  the  calculations  wtre  determined  from  the  Barter  regression  equalfoas. 
Observed  and  calculated  data  are  presented  in  Table  3. 

D.  PREPARATION  OF  CAPTIVB 

Flight- test  plans  were  formulated  with  assistance,  from  human-fsefors 
personnel  in  order  to  provide,  as  much  as  possible,  for  optimal  conditions  and 
sequence#  in  learning  to  operate  the  SRLD,  and  to  allow  for  thes#  effects  In 
evaluating  alternative  configuration. 
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TABLE  3 

/ 

OBSERVED  AND  CALCULATED  ANTHROPOMETRIC  DATA 

1  nil  '  '  ‘ 


Parameters  Value  ' 


Over-all  length  (supLie),  Inch  70.5 

Top  of  head  to  hip  socket,  inch  29.5  1 

Knee  to  ankle,  inch  16.75  ! 

Mane  -  total,  lb  144.0 

Upper  body  segment,  lb  97.0 

Lower  extremities ,  lb  47.0 

Center  of  Gravity  -  Over-all,  20.6 

Inch 

Upper  body  segment  17.8 

Thigh,  inch  9.Q 

Leg,  inch  7.4 

Foot,  Inch  1.5 


Determined  using  regression  equa¬ 
tions  per  Barter41 

Determined  using  regression  equa¬ 
tions  per  Barter41 

From  top  Of  head 

From  top  of  head  (determined  using 
center  of  gravity  locations  as  a  per¬ 
centage  of  segment  length  per 
Dempster*41) 

From  hip  Joint** 

From  knee  joint** 

From  ankle  (estimated) 


♦Barter,  reference  3 
**Dempster,  reference  4 


SPRING  HATE  DATA 

Tension  In  Pound! ,  MflUMd  to  Leg  at  Ankle 


Angle 

_ SUft 

Degree 

Left 

MUiMK 

Right 

Average 

Fwd 

Back 

5 

1.6 

2.6 

2.0 

1.6 

1.5 

10 

f.S 

4.6 

4.0 

8.0 

3.0 

11 

6.0 

7.0 

6.0 

4.6 

6.0 

20 

9.0 

9.6 

9.25 

5.5 

7.5 

26 

12.0 

14.0 

13,0 

8.0 

9.5 

30 

16.0 

16.0 

16.0 

10.0 

13.0 

■I 

■i 
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E.  LEARNING  TO  OPERATE  THE  SRLD 


Two  theoretical  principles  of  learning  were  considered:  (1)  Simple- 
to- complex  sequential  progress  and  (2)  whole-part  practice. 

A  simple- to-complex  sequence  of  SRLD  tasks  was  thought  be  to  an 
optimal  plan  for  progressive  skill  acquisition  by  the  SRLD  flight  operator. 

On  a  rational  basis  this  was  thought  to  be,  perhaps,  a  progression  from  a 
simple  hovering  task  to  one  requiring  complex  maneuvering.  The  flight  plan 
was  therefore  established  in  this  basis.  However,  further  consideration  of 
SRLD  flight  requirements  has  suggested  that  in  actuality  the  hovering  task 
may  be  the  most  difficult,  and  the  plan  may  require  revision  on  this,  basis. 

The  whole-part  theory  of  practice  in  learning  a  complex  motor  skill 
was  applied  in  recommended  training  and  practice.  For  example,  some  com¬ 
bination  of  whole  and  part  practice  is  employed  and  considered  most  effective 
in  such  motor  skills  as  golfing,  boxing,  swimming,  etc.  In  swimming,  "whole" 
practice  is  accomplished  by  attempting  the  complete  motor  sequence,  such  as 
swimming  across  the  pool.  "Part"  practice  in  the  training- to-swim  procedure 
is  accomplished  by  practicing  only  the  kick  or  the  breathing  rhythm. 

The  motor  skill  requirements  in  flying  the  SRLD,  on  a  rational  basis, 
would  seem  to  Involve  such  elements  as  proficiency  in  throttle,  or  vertical, 
control,  yawing,  pitching  and  rolling  by  such  movements  as  those  required  of 
the  arms,  trunk,  and  legs,  balancing  and  executing  "kinesthetic"  control  for 
maneuvering.  Further  considerations  are:  muscle  conditioning  to  bear  the 
weight  of  the  pack,  adaptation  to  the  clothing  and  required  protective  equip¬ 
ment,  etc. 

Several  exploratory  flights  were  proposed  to  provide  the  operator  with 
such  familiarization  as  might  be  described  as  "whole"  practice.  "Part"-type 
practice  was  accomplished  and/or  recommended  as  follows: 

1.  REAC  analog  computer  tracking  in  the  lateral  and  pitch  axis. 

2.  REAC  analog  computer  tracking  in  the  vertical  axis. 

3.  Adaptation  and  conditioning  to  personal  equipment  and  the  hip 
pack  by  exercises,  similar  to  those  required  in  flight,  under  dry- 
run  conditions. 

4.  REAC  analog  computer  coordinated  control  of  vertical,  pitch,  yaw, 
and  roll  axes. 


F.  FLIGHT  TEST  PLANS 


SRLD  captive  flight  test  plans  were  based  on  theoretical  problems  in 
learning  to  fly  the  SRLD,  and  oh  the  tests  and  experimental  controls  neces¬ 
sary  to  evaluate  the  different  possible  SRLD  flight  control  configurations. 

Over-all  flight  test  objectives  in  tethered  flight  were  defined  as  follows: 

1.  Chiefly,  to  establish  feasibility  of  control  and  flying  qualities  with 
optimal  safety. 

2.  To  establish  the  control  configuration  on  the  basis  of  performance 
criteria  that  are  most  proficiently  controlled  for  free-flight  tests. 

Feasibility  is  to  be  largely  established  on  the  basis  of  general  observa¬ 
tions  and  flight  operator  opinion.  The  optimal  control  configuration  will  be 
determined  on  the  basis  of  flight  rating  charts  and  quantitative  analysis  of 
film  records. 

The  SRLD  control  system,  proposed  at  this  stage  of  the  program,  is  to 
be  provided  with  the  following  possible  options  to  be  tested: 

1.  "Kinesthetic’'  control,  where  a  spherical  pivot  bearing  at  a  center 
point  to  the  shoulder  harness  is  free  to  permit  thrust  diversion 
about  the  shoulders  in  pitch  and  roll.  Locking  is  optional.  (A  pivot 
in  the  pitch  axis  has  recently  been  discussed  as  unnecessary,.) 

2.  "Automatic  Roll  Stabilization"  with  a  left-hand  stick,  where  link¬ 
ages  in  roll  actuate  nozzles  laterally,  in  pitch  longitudinally,  and 
in  yaw,  differentially  in  the  longitudinal  axis.  Locking  Is  optional 
for  all  axes,  or  any  individual  axis.  (The  automatic  stabilization 
feature  has  been  temporarily  abandoned  since  the  original  think¬ 
ing  on  this  option.  This  was  necessary  due  to  the  excessive  weight 
that,  it  was  determined,  would  be  required  for  effective  control.) 

Table  4  lists  the  configurations  in  combinations  of  the  above,  and  the 

flight  tasks  for  performance  evaluation. 

« 

The  following  order  of  flights  were  planned  in  order  to  control  the 
biases  that  would  otherwise  be  incurred  from  adaptation  and  learning.  This 
is  important,  since  the  performance  criteria  with  each  configuration  will  be 
compared  to  select  the  optimal  configuration  for  free  flight  tests.  (The  follow¬ 
ing  Roman  Numerals  are  also  referred  to  in  Table  4. 
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I.  Hovering  Control  Tests  -  Ascend  to  live  feet,  maintain  straight 
and  steady  attitude  until  timer  signal  occurs,  descend  and  touch  down. 

Test  1  -  Configuration  A 
Test  2  -  Configuration  B 
Test  3  -  Configuration  C 
Test  4  -  Configuration  D 

n.  Lateral  Control  Tests  -  Ascend  five  feet,  translate  right  side  to 
mark,  return  left  to  zero  position,  hover,  and  let  down. 

Test  S  -  Configuration  A 
Test  6  -  Configuration  B 
Test  7  -  Configuration  C  or  D* 

HI.  Yaw-Right  Control  -  Ascend  to  five  feet,  turn  around  right  360 
degrees,  hover,  and  let  down. 

Test  8  -  Configuration  E 
Test  9  -  Configuration  C  or  D* 

IV.  Yaw-Left  Tests  -  Ascend  to  five  feet,  turn  around  left  360  degrees, 
hover,  and  let  down. 

Test  10  -  Configuration  E 
Test  11  -  Configuration  C  or  D* 

V.  Pitch  Control  Tests  -  Ascend  to  five  feet,  translate  forward  to  mark, 
hover,  and  let  down. 

Test  12  -  Configuration  E 
Test  13  -  Configuration  C  or  D* 

VI.  Combined  Control  -  Ascend  to  five  feet,  translate  forward  to  mark, 
turn  around  right  180  degrees,  and  translate  forward  to  zero  position,  hover, 
and  let  down. 

Test  14  -  Configuration  E 
Test  15  -  Configuratio  n  C 
Test  16  -  Configuration  O 


♦This  decision  will  be  based  on  preliminary  performance  criteria  in  compari 
son  of  Tests  3  and  4. 
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TABLE  4 


PLANNED  SRLD  TETHERED  FLIGHT  TESTS 


Configuration 

Flight 
Plan  No. 

Flight- Test  Task 

A.  Kinesthetic 

I 

Hovering 

H 

Lateral  Control 

B.  Kinesthetic  and  Auto- 

I 

Hovering 

Roll  Stabilisation 

n 

Lateral  Control 

CL  Manual  and  Auto-Roll 

I 

Hovering 

Stabilization 

H 

Lateral  Control 

ni 

Yawing  Right 

IV 

Yawing  Left 

V 

Pitch  Control 

VI 

»  Combined  Control 

D.  Kinesthetic,  Manual 

X 

Hovering 

and  Auto- Roll 
Stabilization1*1 

VI 

Combined  Control 

E.  Kinesthetic  and  Manual 

m 

Yawing  Right 

Yaw 

IV 

Yawing  Left 

V 

Pitch  Control 

VI 

Combined  Control 

*To  be  substituted  for  Configuration  C,  depending  upon  results  in  the  hover- 

lag  tasks.  A  free  piyot,  or  kinesthetic  control,  may  be  essential  in  compen- 

|  sating  for  Ml  center  of  gravity  shift. 

Recycle  Tests 

Test 

Same  as 

Test 

Same  as 

No. 

Test  Nb. 

No, 

Test  No. 

17 

16 

25 

8 

18 

15 

26 

7 

19 

14 

27 

6 

20 

13 

28 

5 

21 

12 

29 

4** 

22 

11 

30 

3<M» 

23 

10 

31 

2** 

24 

9 

32 

1** 

♦♦Propellant  duration  time  measures  will  be  completed  during  these  flights. 

Preliminary  evaluation  criteria  were  established  in  the  use  of  a  flight 
rating  chart  by  specialized  observers  and  the  flight  operator  himself,  as  well 
as  flight  analysis  of  film  records  following  each  flight. 

Table  5  presents  a  flight  rating  chart  to  be  used  in  the  experimental 
evaluation. 

Markings  are  provided  on  the  flight  operator's  suit  in  order  to  facilitate 
Interpretation  and  analysis  of  performance  from  film  records.  Figure  34  pre¬ 
sents  the  front,  side  and  rear  flight  suit  markings  to  be  employed. 

Photographic  records  are  expected  to  provide  such  performance  data 
as  follows: 

a.  Time  to  complete  maneuvers 

b.  Accuracy  of  maneuvers 

c.  Damping  rate 

d.  Translation  rate 

e.  Ascent-descent  rate 

f.  Interfering  body  and/or  control  motions. 


i 

i 


68 


£1 


G,  SUMMARY 

Human  Factors  effort  during  the  Phase  I  program  has  consisted  largely 
in  providing  basic  body-mass  data,  flight  control  analyses,  and  assisting  in 
the  preparation  of  a  tethered-flight  test  plan.  Flight-operator  training  require 
ments  were  also  considered  as  part  of  the  flight  test  program  in  order  to  de¬ 
velop  control  proficiency. 


V.  RELIABILITY 


During  the  Phase  I  period,  the  reliability  effort  consisted  of  monitoring 
the  testing  of  components  for  Inclusion  of  reliability  and  safety  objectives  and 
analysis  of  the  past  history  data  on  components  used  on  the  SRLD  that  have 
been  utilized  on  other  programs  at  Bell  AerosystemB  Company. 


The  components  have  been  tested  for  performance  parameters  consistent 
with  the  SRLD  design  requirements.  As  highlighted  elsewhere  in  this  report, 
changes  and/or  modifications  were  made  on  components  to  meet  the  design 
requirements  and  to  enhance  the  reliability  and  safety  of  the  system  by  meeting 
or  exceeding  the  system  requirements.  Although  these  components  have  success¬ 
fully  achieved  the  design  requirements,  only  system  level  testing  during  Phase  n 
will  conclusively  establish  component  safety  margins  because  system  failure 
definition  in  terms  of  component  tolerances  cannot  be  rigorously  established  at 
the  component  test  level.  Phase  n  will  demonstrate  the  level  of  reliability 
achieved  by  the  SRLD  in  tethered  and  free  flights  of  the  system. 


Six  components  utilized  on  the  SRLD  have  experienced  various  phases  of 
testing  during  functional,  system  checkout,  and  system  flights.  These  compo¬ 
nents  are  as  follows: 


1.  8060-472001 

2.  8060-472004 

3.  62-472-088-1 

4.  8060-472036 

5.  8060-472122 

6.  50-472-276-1 


Manual  Shutoff  Valve 
Gas  Filter 

Check  Valve  (Modified  to  8123-472003) 

2-'Way  Selector  Valve  (Pressure  and  Vent  Valve, 
(8123-472015) 

Relief  Valve 

Fill  and  Drain  Valve  (8123-472005) 


Table  6  presents  a  summary  of  the  background  data  applicable  to  the  SRLD 
program  on  each  of  these  components  and  Includes  the  computed  and  lower  90% 
confidence  reliability  wtien  based  on  a  30-second  flight  of  the  SRLD. 

1.  8060-472-001  ~  MANUAL  SHUT-OFF  VALVE 

Eighty-six  (86)  units  have  been  functionally  tested  and  no  failures  were 
observed.  During  527  hours  of  system  testing,  the  manual  shut-off  valve  was 

72 


TABLE  3 


1|. 
a  3  H 

ig 

o  ° 


■sf  i 

«  >  a  v 

0)  IhA  h 

Jay  van 

tfl  05 

fi  4>  » 

g  *  O  OJ  O 

+j  4a 

Ills. 
I|!i  ■ 

°  I  S.H  5 

o  Cl  » 


o 

+j  x3  a) 

*3  8  S  o 
p  sr* 

OS 


^  <  <3  ^ 


*  t  *  fc  *1 

00  Ol 


4  4  ^  I-  4 

oo  co  05  Q  05 

d  -c  o  5  a 

o»  00  o>  o  o* 

«  •  •  •  • 

O  O  O  »H  O 


in  oi 

O  1-t  CSJ  C-  t- 

c-  N 


6*  ftp  6® 
<o  n  c>  o  n 

•  •  •  w  • 

CM  iH  C-  *-l 


i  i 
1 I 

O  o 
h  l 

a  I 

e  a 

a  | 
I  a 


rx 

®  « 
0)  A) 

&  ^ 

*8  *3 

®  (A 

1  1 
in  in 
ca  esj 
00  ^0 

f ! 

1 1 

I  i 
£  .a 
s  a 

■s  £ 

O  o 

a  a 

4>  g 

ts  § 

n  g? 

S3  ^ 
5?  $ 

Sf 

3  a 

I I 
*8  *g 
9  § 
a  « 

a  c 
a  g 

l  | 
i  § 

o  g 
o  a 

5  S 


a* 

tl 

1§ 
^  bO 


«  a 

«  a 

I  8 

ft 

la 
1  s 


fall-free.  Serial  number  211  and  213  have  been  tested  successfully  for  the  SRLD 
Based  upon  this  data,  this  valve  is  computed  to  have  a  30- second  reliability  of 
0.99098  or  1  failure  per  63,240  flights  of  the  SRLD. 

2.  8060-472-004-1  -  GAS  FILTER 

Two  discrepancies  were  experienced  during  the  functional  testing  of  38 
filters.  One  unit  had  a  slight  leakage  at  2 COO  psig.  Upon  failure  analysis,  it 
was  found  that  the  teflon  back-up  ring  was  out  of  dimensional  tolerance  and  this 
unit  was  returned  to  the  vendor.  Leakage  at  4000  psig  was  also  observed  past 
the  "O"  ring  on  the  second  unit.  However,  the  failure  could  not  be  duplicated, 
and  the  unit  was  successfully  retested. 

This  filter  has  had  extensive  experience  In  a  test  cell  as  well  as  formal 
and  informal  PR  FT  testing.  No  system  failures  have  been  observed  in  705  hours 
of  operation. 

The  SRLD  program  has  accepted  filter  numbers  205  and  206. 

Based  upon  system  data,  this  gas  filter  is  computed  to  have  a  30-second 
reliability  of  0.99999  or  1  failure  in  84,600  flights  of  the  SRLD. 

3.  8123-472-003-1  (62-472-088-1)  -  CHECK  VALVE 

This  valve  has  had  extensive  experience  in  a  previous  program  at  Bell 
Aerosystems  Company.  Out  of  the  243  units  functionally  tested,  only  three  units 
were  rejected  for  failing  the  reverse  flow  requirements  and  were  not  acceptable 
for  rework.  Twenty -eight  (28)  units  that  failed  during  these  tests  were  subse¬ 
quently  accepted  after  rework. 

During  system  checkout,  the  dominant  mode  of  failure  experienced  by  tills 
component  was  leakage.  It  was  determined  that  76  percent  of  these  38  leakages 
were  caused  by  acid  salt  deposits  from  the  oxidizer  on  the  seat  and  poppet  area. 
Since  this  oxidizer  will  not  be  used  in  the  SRLD  system,  this  mode  of  failure 
is  considered  to  be  of  a  much  lower  magnitude. 

When  this  valve  was  used  in  actual  flight,  no  failures  were  observed.  Data 
from  2492  functional  tests  cycles,  423  system  checkouts,  and  101  flights  of  this 
component  were  analyzed  and  a  summary  of  the  results  are  presented  below* 

Observed  reliability  during  flight  (150  seconds)  1.00 

Observed  reliability  during  checkout  (1  hour  )  0.8438 

Observed  unit  rejection  rate  during  functional  test  1.2% 
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The  i* ellabiiity  of  this  check  valve,  when  based  on  a  30 -second  flight, 

Is  computed  to  be  0.99884  or  approximately  1  failure  in  783  flights  of  the  SRLD. 

Serial  numbers  1  and  2  have  been  acceptance-tested  for  the  SRLD  pro¬ 
gram.  These  valves  are  of  the  812S-472-Q03-1  configuration  which  makes  them 
compatible  with  RgOg. 

4.  8060-472-036  -  TWO-WAY  SELECTOR  VALVE  (PRESSURE  AND  VENT 

VALVE) 

Thirteen  (13)  units  have  been  functionally  tested  to  date  and  one  failure 
was  observed.  Thiu  unit  failed  B/P  Note  #54,  and  allowed  free  flow  past  the 
push-pull  spool.  This  unit  was  sent  to  rework  to  eliminate  the  Bcored  seat  at 
Port  "C". 


During  system  testing  of  this  valve,  the  valve  experienced  462  fall-free 
cycles  in  527  hours  of  operation.  Utilizing  this  Bystem  test  data,  this  valve 
is  computed  to  have  a  30- second  reUability  of  0.88998  or  1  failure  per  63,240 
flights  of  the  SRLD. 

5.  8060-472-122  -  RELIEF  VALVE 


This  new  valve  has  had  no  failures  during  the  functional  testing  of  seven¬ 
teen  (17)  units  tested  to  date. 

This  relief  valve  has  performed  successfully  during  270  hourB  of  system 
testing  and  when  these  data  are  applied  to  a  30-second  flight  of  the  SRLD,  the 
computed  reUability  would  be  100  percent.  Since  this  valve  Is  a  safety  compo¬ 
nent  to  prevent  system  rupture  in  the  event  some  impurities  are  accidentally 
introduced  into  the  system,  this  100  percent  flight  reUability  will  continue. 

This  is  based  on  the  fact  that  over-pressurization  wiU  be  evident  prior  to 
flight,  therefore,  the  fUght  wiU  be  aborted  and  action  taken  to  eliminate  the 
abnormal  situaUon. 

6,  69-472-275-1  -  FILL  AND  DRAIN  VALVE  (8123-472005) 

Data  from  December  1953  to  date  has  been  analyzed  on  this  fiU  and  drain 
valve.  A  total  of  1614  units  have  been  functionally  tested  and  experienced  101 
failures.  However,  only  21  unite  were  rejected  with  the  balance  of  the  units 
being  accepted  after  rework. 

During  system  checkout,  one  failure  was  observed.  A  deposit  of  acid 
salts  on  the  seat  and  poppet  area  had  allowed  leakage  of  the  oxidizer.  Since 
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this  oxidizer  will  not  be  used  in  the  SR  ID  system,  this  type  of  failure  will 
not  exist.  No  failures  were  observed  when  this  valve  was  la  flight. 

Data  from  3283  functional  test  cycles,  461  system 1  checkouts,  an*  ?M  , 
flights  of  this  component  were  analysed  and  a  summKty  of  the  results  are 
presented  below.  1 

Observed  reliability  during  flight  (160  seconds)  1.^0 

Observed  reliability  during  checkout  (1  hour)  0.99073  i; 

Observed  unit  rejection  rate  during  functional  test  1.3% 

The  reliability  of  this  fill  and  drain  valve  during  system  checkout,  when 
based  on  a  30-second  flight,  Is  computed  to  be  0.09000  or  approximately  1 
failure  in  25,000  flights  of  the  8RLD. 

During  Phase  1,  the  gas  generator  was  tested  for  performance,  reliability, 
and  safety.  One  hundred  and  one  tests  were  conducted  on  the  gas  generator 
with  no  performance  degradation  in  3070  seconds  of  operation.  Performance 
parameters  have  displayed  a  consistent  *1%  repeatability,  and  no  safety  hai  .rfds 
were  evident.  Since  the  gas  generator  Is  a  direct  outgrowth  of  the  present  gas 
generators  used  on  other  programs,  it  is  evident  that  the  high  degree  of  relia¬ 
bility  necessary  for  this  man-rated  system  has  been  achieved. 

The  throttle  control  valves  and  rockdt  nozzles  have  been  modified  to  meet 
the  dealga  requirements  at  the  component  test  level.  Due  to  the  time  delay  in 
the  modification  of  the  throttle  control  valve,  the  scheduled  600  cycle  reliability 
test  was  not  accomplished  In  .Phase  I.  Any  "unreliable  factors"  in  these  com¬ 
ponents  are  a  function  of  mechanical  tolerances  la  the  successful  performance 
of  their  operation.  The  design  of  these  components  has  been  orientated  towards 
minimising  critical  tolerances  to  enhaace  reliability.  Any  additional  features 
that  become  evident  in  subsequent  flight  during  Phase  n  will  be  Incorporated. 

Since  the  proposed  regulator  did  not  meet  the  design  requirements,  a 
modified  Grove  04X  MUey-ltlte  regulator  was  chosen  as  a  substitute.  This 
regulator  was  tested  to  obtain  regulation  and  flow  characteristics  of  the  regulator 
under  various  cycle  and  flow  tests  and  to  establish  a  confidence  level  of  relia¬ 
bility.  Although  the  regulator  had  dropped  10  pel  below  the  Initial  setting  after 
250  cycles,  this  is  not  considered  significant  and  this  regulator  is  adequate  for 
8RLD  use.  Based  upon  the  data  of  this  test,  there  it  00  percent  confidence  that 
the  regulator  would  not  have  more  than  one  failure  in  110  flights  of  toe  SB  ID. 

The  best  estimate,  which  is  less  pessimistic,  has  a  reliability  of  no  more  toau 
one  failure  in  179  flights. 
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The  AN6C2oHX4i5-21  compressed  gas  cylinder  is  an  ICC-approved  Item 
and  past  history  throughout  the  industry  has  indicated  a  high  level  of  relia¬ 
bility. 


Cycle,  proof,  and  burst  tests  were  conducted  on  the  H2O2  tank  assembly 
for  performance  parameters  and  for  reliability  and  safety  factors.  After 
2000  successful  cycles,  the  tanks  were  tested  for  a  burst  pressure.  At  1150 
p8i,  a  crack  developed  at  the  lo  yer  left  hand  weld  area  and  testing  was  ter¬ 
minated.  This  2.2  relief  valve-to-burst  factor  is  considered  to  be  a  sufficient 
safety  margin  for  the  SRLD  design. 

The  gages  and  hi-pressure  fill  valve  have  met  the  design  requirements 
of  the  SRLD.  Bell  Aerosy stems  Company  does  not  have  detailed  experience 
data  on  these  components,  although  they  are  accepted  by  industry  for  their 
performance  parameters  and  reliability. 

Based  upon  past  experience  and  Phase  1  testing,  it  is  felt  that  the  SRLD 
can  achieve  the  high  degree  of  reliability  necessary  for  this  man-rated  system. 
The  actual  level  of  reliability  that  can  be  demonstrated  will  be  a  function  of 
the  flights  made  during  Phase  n. 
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Appendix  I.  Compatibility  of  Polyvinyl  Chloride  Rubber 
with  90%  Hydrogen  Peroxide 

A.  GENERAL 

The  following  results  are  applicable  for  both  vinyl  rubbers  submitted 
for  test.  The  materials  arei 

1,  Rubaiex  R-310V 

2.  Ensolite,  U.  S.  Rubber 

B.  MATERIAL  COMPATIBILITY 

The  vinyl  rubbers  were  immersed  in  hydrogen  peroxide  with  no  immediate 
reaction  upon  contact.  After  a  5-minute  retention  period,  several  bubbles 
were  slowly  forming  on  the  surfaoe  of  the  materials.  This  process  proceeded 
for  24  hours  and  then  the  samples  were  removed  from  the  peroxide.  At  no  time 
was  there  noted  any  vigorous  evolution  of  gas . 

The  vinyl  rubbers  retained  most  of  their  resiliency,  but  suffered  a 
marked  decrease  in  tensile  strength.  They  swelled  to  approximately  150^  of 
their  original  volumo.  The  color  was  bleached  from  tan  to  light  tan, 
approaching  white. 

C.  SHOCK  SENSITIVITY 

The  apparatus  used  to  determine  the  following  data  was  an  Olin-Mathieson 
Impact  Sensitivity  Tester.  The  information  reported  are  average  values  of 
numerous  drop  tests. 


Rubbers  Subjected  toi 

Impact 

Sensitivity 

Inch-Ounces 

Comments 

i. 

Virgin 

6992 

Very  stable  to  shook, 

2. 

Overnight  soak  in  9$  ^2^2* 
squeezed  dry,  test  run, 

5520 

Quite  stable  to  shock. 

3. 

Overnight  soak  in  9$  #2^2* 
soaked  in  water  for  10  min., 
squeezed  dry,  test  run. 

6256 

Very  stable  to  shock. 

4. 

Overnight  soak  in  90S&  HgOg, 
soaked  in  water  for  10  min., 
air  dried  for  24  hrs.,  test 
run. 

4600 

Not  as  stable  to  shook 
as  above. 

5. 

Same  as  (4),  except  dried 
©  12<J°F  for  24  hrs,,  test  run 

3220 

• 

Approaching  the,  lower 
limits  of  shock  stability 

6. 

TNT 

2000 

As  a  comparison,  quite 

shook  sensitive. 


79 


C.  SHOCK  SENSITIVITY  (Cont'd) 


Impact 

Sensitivity 

_ Rubbers  Subjected  tot _  Inoh-Chnoes _ Comments 

7.  RDX  1340  Quite  shook  sensitive. 

8.  Lead  Azide  720  '  Very  shook  sensitive. 

At  no  time  were  explosions  encountered  during  the  above  teste,  but 
definite  discoloration  of  the  materials  warrants  that  they  be  classified  as 
shock  sensitive  for  that  particular  situation. 
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Appendix  II.  SRLD  Syetera  Distilled  Water  Flow  Tests 
ROCKRf  LABORATORY  PRELIMINARY  TEST  REPORT 


Test  Its*  SR  1  Tot  Rex.  LD-gl 

mhmm 

Date  .  , 

Test  Engineer  U  Sileo _ 


Sheet 


_  Test  Item  SRLD 

Work  Order  6876-000 
Test  Facility  W-t 


TBSTi 

SRLD  SyetiMn  Distilled  Water  Flow  Tests. 

r 

PURPOSE i 

To  evaluate  the  nitrogen  pressurisation  and  propellant  tank  systems  in  regard 
to  available  nitrogen  and  usable  propellents. 


REMARKS: 

See  attached  sheets. 


DATA  RECORDED  OH:  Speedomex 
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Sheet  2  of  7 


Test  No.  1 


1.  The  tanks  were  filled  with  distilled  HeO  up  to  the  point  of  tangency 
between  cylinder  portions  and  domes  using  approximately  30  psig  pressure. 
The  time  required  to  fill  the  tanks  was  7  minA5  sec. 

2*  The  N2  bottle  was  charged  to  2000  psig*  Leaks  were  noted  at  the  inlet 

port  of  the  shutoff  valve  and  at  the  M0M  ring  under  the  sohrader  valve. 

The  tests  were  run  without  sealing  these  leaks* 

3*  The  9U  X  dome  pressure  was  vented. 

1*.  The  pressure  and  vent  valve  was  placed  in  the  pressurise  position. 

5«  The  Nj  shutoff  valve  was  opened* 

6.  The  94  X  dome  was  adjusted  to  provide  a  propellant  tank  static  pressure 

of  1*50  psig.  The  nitrogen  system  was  recharged  to  2100  psig. 

7.  The  system  was  flowed  until  the  first  indication  of  gas  at  the  outlet 
was  noted.  The  hand  valve  (throttle  valve  not  available)*  wae  shut  off 
as  soon  as  possible.  The  propellant  tank  pressure  dropped  to  1*30  psig 
during  the  run.  Thirty  pounds  of  water  were  disohargod  during  the  run. 
The  source  pressure  prior  to  the  run  was  1900  psig.  After  the  run  the 
source  pressure  was  950  psig.  The  maximum  flow  was  1.1*0  lbs/seo  of  HgO, 

P.  The  tanku  wore  vented  by  means  of  the  pressure  and  vent  valve. 

9.  The  tanks  were  drained  and  found  to  contain  a  residual  of  1.5  pounds  of 
HgO, 


Teat  No.  2 

1,  The  tanka  were  filled  with  distilled  HgO  up  to  the  point  of  tangency 
between  oylinder  portions  and  domes  using  approximately  30  psig  pressure, 

2,  Tho  Ng  bottle  was  charged  to  2100  psig* 

3,  The  pressure  and  vent  valve  was  plaoed  in  the  pressurize  position, 

1*.  Tho  N2  shutoff  valve  was  opened  at  the  rate  of  approximately  90*  (full 
open)  in  one  socond  and  the  tank  pressure  rose  in  a  gradual  manner  with 
no  overshoot  noted  on  the  tank  pressure  gage.  The  tank  pressure  was 
1*50  psig. 
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S>.  The  system  was  flowed  fit  full  open  until  the  first  indication  of  gas  at 
the  outlet.  The  hand  valve  was  shut  off  as  soon  as  possible.  Thirty* 
threo  and  a  quarter  pounds  of  H2O  wei*e  discharged.  The  source  pressure 
prior  to  the  run  wao  1900  psig.  After  the  run  the  source  pressure  was 
700  psig.  The  maximum  flow  was  1.92  pounds  of  HgO/sec.,  and  was  main¬ 
tained  for  a  total  of  17.2  seconds. 

6.  The  tanks  were  vented  by  means  of  the  pressure  and  vent  valve. 

7.  The  tank  contained  no  residual  water. 


Test  No,  3 

1.  The  tanka  were  filled  with  distilled  H2O  up  to  a  level  of  one  inch  above 
the  domo  tangency  point,  using  approximately  30  psig. 

2.  Tho  N2  bottle  was  charged  to  21^0  psig. 

3.  The  pressure  and  vpnt  valve  was  placed  in  the  pressurize  position, 

Lw  The  N2  shutoff  valve  was  opened  at  the  rate  of  approximately  90*  (full 
open)  in  one  second  and  the  tank  pressure  rose  in  a  gradual  manner  with 
no  overshoot  noted  on  the  tank  pressure  gage.  The  tank  pressure  was 
lj£0  psig. 

The  system  was  flowed  at  full  open,  until  the  first  indication  of  gas  at 
the  outlet.  The  hand  valve  was  shut  off  as  soon  as  possible.  '  The 
propellant  tank  pressure  dropped  to  I4IO  psig  during  the  run.  Thirty- 
four  and  a  quarter  pounds  of  H2O  wore  discharged.  The  source  pressure 
prior  to  the  run  was  2000  psig.  After  the  run  tho  souroe  pressure  was 
7$0  psig.  Tho  gage  downstream  of  tho  orifioo  was  rooording  a  pressure 
of  170  psig.  The  maximum  flow  was  1.89  Ibs/soo  and  was  maintained  for 
17. b  seconds, 

6.  The  tanks  wore  vented  by  moans  of  the  pressure  and  vent  valve. 

7.  The  tanks  contained  no  residual  water. 


Teat  No.  1; 

1.  The  tanka  woro  filled  with  distilled  water  up  to  a  level  of  one  inch 
above  the-  dome  tangency  point  using  approximately  30  psig. 

2.  The  Wg  bottle  was  charged  to  2100  psig. 

3.  The  pressure  and  vent  valve  was  placed  in  the  "vent"  position. 
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Sheet  k  of  f 


U.  Tho  N2  shutoff  valve  was  opened. 

5,  The  pressure  and  vent  valve  was  put  4.n  the  pressurise  position.  The 
propellant  tank  Mg  pressure  rose  in  a  gradual  manner  (slow  rise),  with 
no  overshoot  noted  on  the  tank  pressure  gage  to  a  pressure  of  k$0  psig. 
However,  the  regulator  did  not  hold  this  pressure  hut  allo'red  the  tank 
pressure  to  very  slowly  creep  up  to  510  psig.  The  source  pressure 
dropped  to  1875  psig, 

6,  The  pressure  and  vent  valve  was  placed  in  the  vent  position,  A  little 
HgO  vapor  was  noticed  leaving  the  vent  line. 

7,  The  pressure  and  vent  valve  was  plaoed  in  the' pressurize  position.  The 
propellant  tank  N2  pressure  was  h$0  psig.  The  source  pressure  dropped  to 
1775  psig. 

The  pressure  and  vent  valve  was  placed  in  the  vent  position.  A  little 
HgO  vapor  was  noticed  leaving  the  vent  line. 

8,  The  pressure  and  veut  valve  was  placed  in  the  pressurize  position  and  th? 
system  was  flowed  until  about  225?  of  tho  original  tank  water  was  still  in 
the  tanks.  At  this  point  tho  shutoff  valve  was  closed.  Twenty-six  and 
three  quarter  pounds  of  water  were  discharged.  The  souroe  pressure  prior 
to  the  water  flow  was  1775  psig.  The  souroe  pressure  after  the  water 
flow  was  900  psig, 

9,  The  tanks  wore  vented  by  using  the  pressure  and  vent  valve.  , 

10.  The  system  was  repraasurized  with  the  remaining  Bouroe  pressure  of  900 
psig.  There  was  no  rise  in  static  regulated  tank  pressure  noted  beoause 
the  3 our co  pressure  and  the  tank  pressure  were  both  equal  to  290  pBig. 

11.  The  hand  valve  was  opened  and  tne  entire  system  allowed  to  deplete  Itself 
of  water  and  nitrogen.  The  propollant  tanks  oontalned  3u  pounds  of  water 
whon  thay  wero  filled  for  this  run. 


Test  No.  5 


1.  The  N2  bottle  was  oharged  to  2100  psig. 

2.  The  propellant  tanks  wero  filled  with  distilled  water  up  to  a  level  of 

ono  inch  above  the  dome  tangenoy  point  using  approximately  30  psig* 

3.  The  pressure  and  vent  valve  was  placed  in  tho  pressurize  position. 

1*.  Tim  Up  shutoff  valve  was  opened. 
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5. 

6. 


The  dome  pressure  of  the  X  regulator  was  raised  until  the  relief  valve 
opened.  This  pressure  was  600  psig*  Tho  Ng  shutoff  valve  was  shut  off* 

Tho  N2  shutoff  valve  was  opened  and  the  relief  valve  was  opened  a  few  more 
times.  Tiie  opening  pressure  remained  at  600  psig.  This  valve  was 
subsequently  reset  so  that  for  3  cycling  operations  it  opened  at  £30  psig, 
and  rosea  ted  at  Ii6£-h80  psig. 
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Table  III-l.  SRLD  System  Water  Flow  Tests  -  Data  Summary. 


Pressure  and 
Vent  Valve 


Appendix  III.  Nitrogen  Pressure  Regulator 

ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  of  4 


Test  Item  SN 
Date 

Test  Engineer 


1 _  Test  No.  81232-1-3 

November  24,  I960 
J.  LaSpi s a 


Test  Item  SFLD 
Work  Order  ,6876-000 
Test  Facility  Cell  P-6A 


TEST:  • 

Flowing  of  the  Grove  94X  Mity-Mite  Regulator,  reworked  to  RLO  8123-005,  per 
LTR  60-R-33. 

PURPOSE : 

To  obtain  regulation  and  flow  characteristics  of  the  regulator  under  various 
cycle  and  flow  tests  and  to  establish  a  confidence  level  of  reliability. 


PROCEDURE: 


The  regulator  was  installed  in  a  test  system  as  represented  in  the  following 
'diapram:  '  Hiese  0-1000  psig 
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PROCEDURE;  (Cont‘d)  Sheet  2  of  4 

The  regulator  was  tested  in  the  following  sequence » 

■1.  The  regulator  was  adjusted  to  1»57  pslg  pressure  in  a  dead  ended  condition. 

2.  A  seat  leakage  test  was  conducted  for  30  .minutes  at  an  inlet  pressure  of 
2150  psig  and  the  outlet  pressure  dead  ended  in  a  2.79  in?  volume,  A 
Hiese  gage  was  used  to  monitor  outlet  pressure  and  gas  temperature  was 
monitored  with  thermocouples, 

3»  The  seat  leakage  was  repeated  at  an  inlet  pressure  of  850  psig, 

li.  The  regulator  was  cycled  250  times  hy  opening  and  closing  hand  valve  #3  to 
flow  1)2  scfm  at  each  cycle.  At  each  25  cycles,  the  following  parameters 
were  recorded. 

a.  Soares  pressure,  regulated  pressure  and  temperatures  at  dead  ended 
conditions, 

b.  Source  pressure,  regulated  pressure  and  temperatures  while  flowing 
1)2  scfm  of  Ng  e&3. 

c.  Source  pressure,  regulated  pressure  and  temperatures  while  flowing  62 
scfm  of  Ng  gas, 

d.  Source  pressure,  regulated  pressure  and  temperatures  at  dead  ended 
conditions. 

At  no  time  during  the  250  cycle  teBt,  was  the  source  pressure  in  the  I4I5  in? 
tank,  allowed  to  decay  below  8 00  psig, 

5*  Stops  numbers  2  and  3  were  repeated, 

DATA  AND  RESULTS*. 


Leak  test  at  2150  psig. 


Elapsed 

Time  (min) 

Source 

Pressure  (psig) 

Regulator  Pressure 
(psig) 

Temperature 

(°F) 

0 

2150 

1)56 

57® 

15 

2150 

1456 

57° 

30 

2150 

1456 

57® 

Leak  tost  at  850  psig. 

Elapsed 

Time  (min) 

Source 

Pressure  (psig) 

Regulator  Pressure 
(psig) _ 

Temperature 

Ff) 

0 

85o 

6I4® 

15 

850 

I460 

68" 

3o 

850 

l)6o 

68" 

89 


90 


25C  Cycle  Test 


Sheet  4  of  4 


Leak  Test  at  2150  pslg. 


JSlapsed 

Time  (min) 

Source 

Pressure  (psig) 

Regulator  Pressure 
(p3ig) 

Temperature 

(•F) 

0 

2150 

451 

70° 

15 

2150 

455 

71° 

30 

2150 

457 

73° 

Leak  Test  at  850  psig. 

ifilapsed 

Time  (min) 

Source 

Pressure  (psig) 

Regulator  Pressure 
(psig) 

Temperature 

(*F) 

0 

850 

457 

68* 

15 

850 

461 

72* 

30 

85o 

463 

72“ 

SUMMARY  AND  CONCLUSIONS: 

Tank  capacity  of  the  4l5  irP  source  tank  was  sufficient  to  run  25  cycles 
plus  one  cycle  into  instruments .  The  tank  was  re pressurized  after  every  25 
cycles.' 

Regulated  pressure  dropped  about  10  psi  during  flow  at  42  scfm  as  compared 
to  dead  ended  pressure.  It  dropped  another  5  psi  while  flowing  62  scfm.  At 
the  ond  of  250  cycles,  the  regulated  pressure  had  dropped  to  1)50  psig,  which  is 
10  pal  lower  than  the  sotting  at  the  first  cycle.  This  pressure  is  the  minimum 
setting  requested  in  the  L.T.R,,  The  lowest  pressure  recorded  during  flow,  was 
JU33  psig  at  625  scfm.  This  drop,  of  17  psi  from  the  minimum  !|50  paig  setting, 
was  considered  tolerable  by  the  Small  Rocket  Lift  Device  engineers, 

Oas  temperature,  at  the  outlet  of  the  regulator  dropped  an  average  10°F 
during  flow  at  each  recorded  cycle* 

The  summary  of  the  data,  shows  that  this  regulator  should  bo  satisfactory 
for  use  in  the  Small  Rocket  Lift  Device. 
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Appendix  IV.  Accumulated  Reliability  Test  Data 

ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 

Sheet  ^  of  2 

Test  Item  SN 
Date 

Test  Engineer 

TfeSTt 

Oaa  Generator 

PURPOSE i 
Conditioning  of  catalyst  bed. 

REMARKS: 

Test  unit  ran  seven  seconds  of  a  scheduled  30-second  run.  Test  was  discon¬ 
tinued  because  the  nozales  shifted,  causing  the  steam  to  miss  the  exhaust 
ducts;  consequently,  filling  the  test  cell  with  steam.  Nozzle  shift  was  due 
to  the  mounting  bracket  not  being  stiff  enough.  This  is  being  corrected. 

Examination  of  the  data  disclosed  that  the  unit  did  not  reach  stability. 


Test  No.  LD-1 


thru  IE- 


Test  Item  SRLD 


October  l4t  i960 
F.  A.  Urbaniak 


Work  Order  2226-025 
Test  Facility  W-i _ 


ftOCKET  LABORATORY  .PRELIMINARY  TEST  REPORT 


Sheet  1  of  _ 3 

Test  Item  SN 
Date 

Test  Engineer 


TEST;  . 

Gad  Generator 

mPOSE : 

Catalyst  bed  conditioning  and  initial  gas  generator  assembly  reliability  runs. 


1  Test  Nb<  LD-2  ,  thru  LD^-9  Test  Item  SHLD 

Ootober  17, t  I960  , _ ,  Work  Order  £22.8-025 

F,  A.  UrbanjLak _ ;  Test  Facility  W^l _ 


REMARKS  t 

•  JM  III  I  ■■  ■  — « 

LD-2  and  -3  were  made  to  condition  the  catalyst  bed  and  determine  the  proper 
tank  pressure  to  set  before  the  runs, 

LIj-4  through  -9  were  a  series  of  30-second  runs  maintaining  a  gas  generator 
pressure  of  ?R5  pels . 


DATA  RECORDED  ON!  Speedomax 

1-  . . . . 


At  ■  ,701)0  in2  Test  No.  ID- 7  to  ID-  9 
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ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  of 

Test  Item  SN 
Date 

Test  Engineer 

TEffTt 

Qas  Generator 
PURPOSE: 

Reliability  Testing  of  Gas  Generator  Assembly 


1 _  Teat  Mo..  LD-10  thru  LD-  1?  Test  Item  SRLD 

October  18,  I960 _  Work  Order  2228-025 

F.  A.  .Urbanlak _  Test  Facility  W-l 


REMARKS ; 

Runs  LD-10  and  11  were  made  maintaining  a  gas  generator  pressure  of  285  psig. 
From  Run  LD-12  on,  chamber  pressure  will  be  defined  by  Nozzle  Pressure. 

All  three  runs  were  smooth  and  wore  of  30-second  duration  each. 


D7 


DATA  RECORDED  ONi  Speedomax 


ROCKl',1’  1jM’W-Vi\  IvY  1 , i \i I .  •!!'  V  ;  ,  !V;,;v 

Shoot  X  of  2 

Tosh  It.cn  SN 

Date 

Test  Engineer 

T53T  t 

30-aocond  full  thrust  firings  on  the  gas  gororator 


1  Tost  No.  LD-  13 _ hhni  T,T)-  17  Test  Item  SPU-t) _ 

October  in,  1?60 _  Work  Order  22K8-02,'; 

M.  Qrabaiii ,  2nd  Shift _ Tost  Facility  W-i _ 


PURPOSE : 

To  determine  the  reliability  of  tho  pas  generator  assembly. 


REMARKS : 

No  noticeable  drop  in  no?.7fle  pi'QMtmvo  van  roc.1) Hod* 


T  ATA  Pr-;crrtf)F.n  ON:  Spnedomax 


'.bi 


ROCKET  LABORATORY  PRELIMINARY  TEST  RETORT 


Shoot  1  of  2 

Tout  Item  till 
Da  to 

Tqs'ii  Engineer 


1  To, 'it  Mo.  LD-  JL8. 

_ Ocstobirr  IQ,  1?60 


thru  ID-  22  Test  It<?.m  SRLD 


I1’,  A.  Urbaniok 


Work  Carder  2228-025 
Test  Facility  W-l 


VEST! 

Gas  Generator 

PURPOSE; 

Reliability  tooting  of  gas  generator  assembly. 


-REMARKS  i 

Theca  runs  wore  of  30  seconds  each.  All  were  smooth  and  n  preliminary  look  at 
the  data  indicates  that  the  values  .mi  in  tiro  rnn'O  nxpeoted. 

On  Run  LD-22  the  noine  level  at  approylmtely  Kb;i  le-eat'.lon  at  tho  pilot's  head 
was  chocked  by  a  motor  to  bo  131  db. 


DATA  RECORDED  ON;  Speedomax 


ROCKET1  LABORATORY  PRELIMINARY  TEST  REPORT 

Sheet  1  6f  2 


Teat  Item  SN  1  Teat  No.  ID-  23  ,  thru  LD-  27  .  Teat  It*»  SRLD 

Date  October  1 9»  1?60 _  Work  Order  2228-0 

Teat  Engineer  H.  H,  Graham _ ,  _  Teat  Faoility  W-l 

TEST* 

Oas  Generator 

PURPOSE i 

Reliability  testing  of  the  Gas  Generator  Assembly. 


REMARKS; 

All  runs  smooth  and  normal, 
30-second  full  thrust  firings. 


DATA  RECORDED  ON: 


Speedomax 
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ro . . 


ROCKET  LABORATORY  l’RELIMINARY  TJ5ST  REPORT 


Sheet’  1  of _ 3_ 

Teet  Item  SN  1  1  No*  JjB  thru  LD-  33  Teet  Item  SRLD 

Date  October  go*  I960  _  Work  drder  2228-025 

Test  Engineer  F.  A,  Urbanlak  ,  ,  Teirt  Faoility  W-l 

TEgT* 

Qaa  Generator 

PURPOSE ;  ■ 

Reliability  testing  of  the  gas  generator  assembly* 


•REMARKS : 

.  -T  — ■ 

These  runs  were  for  30  seconds  each*  There  was  no  notioeable  change  in 
performance. 

The  noiae  lovel  between  the  nozzle  exits  was  oheoked  on  run  LD-28  to  be 

133.5  db. 


DATA  RECORDED  ONt  Speedomax 


105 


tawetWM*.  .-tV  MrtH >-'1  ~ 


pnnwww  . . 


•i  l».*J  l<Ura.At  — -  V, 


M  ,  ^  ■ 


V.  .  »>■ 


ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  of  2 

Teat  Item  SN  1  Teat  No*  LD-  3(4  thru  LD-  38  Teat  Item  SRLD 

Date  October  20,  I960  Wbrk  Order  2228-025 

Teat  Engineer  H.  M.Qraham  Test  Facility  V-l 

TESTi 

Oaa  Generator 


PURPOSE t 

Reliability  testing  of  the  gas  generator  assembly. 


REMARKS; 

Setup  tank  pressure  for  all  runs  was  J>3!>  peig.  No  noticeable  drop  in  nossale 
pressures  occurred  during  this  five  (30-Beo)  run  series. 

( 


DATA  RECORDED  ON;  Speedonwx 


108 


At  =  .70*10  In2 


JBt.Ii  W-l 

Tost  No.  T,D-  3H  to  ID-  38 


Shoot  2  of  2 


ROCK OT  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  2 

Test  Item  SN 
Date 

Test  Engineer 

TEST; 

Gan  generator 

PURPOSE; 

Reliability  tec ting  of  the  gas  generator  assembly. 


1  Test  No.  TP-  39  thru  LD-  IQ  Test  Item  SRLD 
October  21,  ,1060  Work  Ordfr  2228-025 

V,  A,  Urbanlak.  1st  shift _  Test  Facility  W-l 


REMARKS ; 

No  noticeable  drop  in  noaalo  pressure  was  rooorded  in  these  runs. 

Left  noaale  temperature  did  not  record  during  runs  IP»*l|0  and  41. 
(30-seoond  duration  firings),1 


i 


DATA  RECORDED  ON;  Speedomax 


,i . 


i 

i 
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ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet _ 1  of  2 

Teat  Item  SN 
Date 

Test  Engineer 

TEST: 

Gas  Generator 

PURPOSE: 

pliability-  testing  of  the  gas  generator  assembly. 

REMARKS : 

No  noticeable  drop  in  nozzle  pressure  was  recorded  in  these  runs  (,30-seoond 
duration  firings ) . 


DATA  RECORDED  ON:  Speedomax 


l _  Teet  No.  ID-  hh  thru  LD-  hi  Teat  Jteth  SRLD 

Ootober  21.  I960.  2nd  shift  Work  Order  2228-025 

H.  M«  Graham  Teet  Facility  W-l 
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Sheet  2  of  2 


CELL  W-l 


At  =  ,?0i|0  in2 


Teat  No.  LTV  I4I4  to  ID-  1*7 


ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  of  g 

Test  Item  SN  1-  Test  No.  LD-  ]^8  thru  LD-  Test  Item  SRLD 

»  > 

Date  October  27.  I960.  1st  Shift _  Work  Order  2228-025 

Test  Engineer  L.  Goldsohlag _ _  Teat  Facility  W-l 


TEST: 

Qas  Generator  Assembly. 


PURPOSE: 

Reliability  testing  of  the  gas  generator  assembly  end  determination  of  torque 
required  to  move  the  swivel  nozzle  assembly. 


REMARKS : 

Prior  1 1  this  test  the  swivel  nozzles  and  manual  remote  aotuating  rod  were  In¬ 
stalled  on  the  test  assembly.  Thermocouples  for  measuring  the  propellant  feed 
temperature  and  for  measuring  the  temperature  of  the  lift  ring  mount  braoket  . 
ware  also  installed. 

No  noticeable  drop  in  nozzle  pressure  was  recorded  in  this  run.  Left  nozzle 
temperature  did  not  record. 

Tank  pressure  was  increased  in  several  steps. 


DATA  RECORDED  ON:  Speedomax 
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ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  of  _ 2 

Test  Item  SN 
Date 

Test  Engineer 

TEST: 

Qas  Oenerator 

PURPOSE: 

Reliability  testing  of  the  gas  generator  assembly. 


'1  Test  No.  LD-  h 9  thru  Lp,  Test  Item  SRLD 

October  27.  I960  Work  Order  2228-025 

L.  P.  Silao.  2nd  Shift _  Test  Facility  W-l 


REMARKS : 

No  notioeable  drop  in  nozzle  pressure  was  recorded  in  thiB  run  (30-second 
duration  firing). 


DATA  RECORDED  ON:  Speedomax 
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ROCKET  IjAPORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1  of  1 

Test  Item  SN 
Date 

Test  Engineer 

TEST. 

Gas  Generator  Assembly 

PURPOSE. 

Reliability  testing  of  the  gas  generator  assembly. 


1  Test  No.  ID-  go  thru  LD-  £3  Test  Item  SRLD 
October  20,  I960  Work  Order  2228-025 

L.Qoldsohlag,  1st  Shift  Test  Facility  W-l 


REMARKS. 

No  noticeable  drop  in  nozzle  pressure  wafl  recorded  in  these  runs  (30-second 
firings). 


DATA  RECORDED  ON.  Speedomax 
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ROCKET  "J^ATORT  PRELIMINARY  TEST  REPORT 


Sheet _ 1_  of  _ 2. 

Test  Item  SN 
Date 

Teat  Engineer 

TESTt 

Gas  Generator  Assembly 

pmposit 

Reliability  testing  of  the  gas  generator  assembly. 


1  '  Test  No.  ID-  gh  thru  ID-  61  Test  Item  SRLD 


October  28.  I960 
U  P.  Silso.  2nd  Shift 


Work  Order  2228-025 

•■MatfeeeMMMSa 

Test  Facility  W-l 


REMARKS: 

No  noticeable  drop  in  nosale  pressure  was  recorded  (30-second  duration  firings). 
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ROCKET  LABORATORY  PRELIMINARY  TEST  R SPORT 

Sheet  1  of  2 

Teat  Item  SR  1  Teat  Ho.  LD-  62  thru  LD-  6$  Teat  Item  SRLD 

Date  October  31.  I960 _ . _  Work  Order  2228-025 

Teat  Engineer  L.  Ooldaohlag.  1st  Shift  Teat  Facility  W-l 

TEST  i 

Oaf)  Generator  Assembly. 

PURPOSE. 

Reliability  testing  of  the  gao  generator  assembly. 

REMARKS. 

No  noticeable  drop  in  nozzle  pressure  was  recorded  (30-aeoond  duration  fixings)* 


I 

'  DATA  RECORDED  ON.  Speedomax 
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CKM.  W-l 


Shoot  3  of  3 
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ROCKET  L^BQRATCRT  PRELIMINARY  TEST  REPORT 


Sheet  1  of  2 

Teat  Item  SN 
Date 

Teat  Engineer 

TEST  i 

Odd  Generator  Assembly 

PURPOSE: 

Reliability  testing  of  the  gas  generator  asrwbly. 


i  feet  No.  ID-  73  thru  LD-  77  Teat  Itea  SBIfl 
Not  ember  1.  I960  Work  Order  2228-^0 

L.  Qoldsohlag.  1st  Shift  Teat  facility  V-l 


REMARKS: 

No  noticeable  drop  in  nozzle  pressure  was  recorded  (30-seoond  duration  firings),* 


DATA  RECORDED  ON:-  Speedanax 


128 


-pj 


ROCKET  LABORATORY  PRELIMINARY  TEST  REPORT 


Sheet  1 

of  3 

Test  Item  SN 

i  Test  No*  UD-  78 

thru  LD-  83  Test  Item 

SRLD 

Date 

November  1,  I960 

Work  Order 

2228-025 

Test  Engineer 

L.  P.  Sileo 

Test  Facility 

W-l 

TEST  i 

Qas  Generator  Assembly 

PURPOSE t 

Reliability  testing  of  ths  gas  generator  assembly. 

KEWARB»r 

No  notioeablo  drop  In  nozzle  pressure  was  recorded  (30-seoond  duration  fixings). 


DATA  RECORDED  ON;  Speedomax 
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At,  -  .?0hn  In2  Tonfc  No.  T.D-  78  to  ID- 83 
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ROCK  KT  LABORATORY  PRELIMINARY  TEST  REPORT 


T 


Shedt  1  of  _ 2 

Teat  Item  SN 
Date 

Test  Engineer 

TEST. 

Qas  Oenerator  Assembly. 

PQRBOSELt . 

Reliability  testing  of  the  gas  generator  assembly  and  observing  heat  transfer 
characteristics  of  the  liquid  between  the  gas  generator  and  the  throttle  valve. 


1  Test  Mr>.  LD-  81*  thru  LD- 


Tefet  Itea  OKU) 


Nov-umber  2,  I960 


I»«  OoldBchlag,  1st  Shift 


Woi'k  Order  2228-025 
Test  facility  W-l _ 


REMARKS : 

The  propellant  feed  temperature  was  recorded  between  each  burst  and  after,  the  > 
last  burst  for  about  l£  minutes.  The  line  was  not  purged  after  each  burst* 

Three  ten-second  full  thrust  firings  with  3  minutes  between  the  start  of  each 
burst. 


DATA  RECORDED  ON.  Speed omax 
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RQCKKT  LABORATORY  PRELIMINARY  TEST  BELFORT 

Sheet  1  of  _ 2 

Test  Item  SN 
Cate 

Test  Engineer 

TEST; 

Gaa  Generator  Assembly. 

PURPOSE i 

Reliability  testing  the  gas  generator  assembly. 

REMARKS; 

Run  LD**85  Recorded  propellant  feed  temperature  for  about  2£  minutes  after 
shutdown. 

Run  LD-88  Ran  until  tank  was  emptied  of  HgOg  ,  about  55  seoonda 
No  noticeable  drop  in  nozzle  pressure  was  reoorded  in  those  runs. 


1  Test.  No.  LD-  05  thru  LD-  88  Test  Item  SRLD 
-  ,  ■ - - - - r . 1  . . .  . r 

November  2,  I960  _  Work  Order  2228-025 

L,  Golds chlag,  1st  Shift  Test 'Facility  W-l 


DATA  RECORDED  ON:  Speedomax 
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